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Process Monitoring of Organics
During Dynamic Underground Stripping

Marina C. Jovanovich, Roger E. Martinelli,

Michael J. Dibley, and Kenneth L. Carroll

Abstract
Rigorous analytical monitoring was required to evaluate the effectiveness of

Dynamic Underground Stripping as a remediation technology. Chemical

concentrations measured throughout the treatment system were used to calculate

contaminant t mass removed from the vapor and liquid streams, to monitor contaminant

concentrations for discharge compliance,

contaminant.

Daily vapor and liquid samples were

and to characterize

taken from six ports

the recovered

throughout the

treatment system and analyzed by gas chromatography for total petroleum

hydrocarbons (TPH), benzene, toluene, ethylbenzene, and xylems (BTEX). BYwing

selective detectors on different instruments we distinguished between concentration

variability caused by the processor by the analytical method.

Data in this section summarizes daily concentrations of total petroleum

hydrocarbons (TPH) and BTEX concentrations collected from vapor and aqueo~

sampling ports during and after steam injection. Samples were analyzed overnight so

that results were available within 24 hours to implement changes in extraction rates and

treatment facility operations as needed. Concentrations of total hydrocarbons in the

vapor phase ranged between 4,000 and 76,000 ppmv and constituted 80% of the

extracted gasoline. Less than 0.1 % of the total gasoline was detected in the aqueous

phase, however, and TPH ranged between 12,000 and 40200 ppb. The remaining 20%

was collected as vapor tindensate.

Constituents of the extracted gasoline collected at weekly intervals were identified

by GC/MS to characterize the recovered contamination. The alkanes were

preferentially recovered in the early phases of steam injection and were gradually

replaced by the alkyl substituted aromatk
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Glossmy

~<ombination of bias and precision of an analytical procedure, which reflects

the closeness of a measured value to a true value.

~-Consistent deviation of measured values from the true value, caused by

systematic errors in a procedure.

n ~—A solution prepared from the primary dilution standard

solution and stock standard solutions of the internal standards and surrogate analytes.

The calibration standard solutions are used to calibrate the instrument response with

respect to analyte concentration.

. ●~—Standard used to determine the state of calibration of an

instrument between periodic recalibration.

~—Usually the smallest number of replicates (two), but specifically herein

refers to duplicate samples, i.e., two samples taken at the same time from one location.

d d~
● —Two separate samples collected at the same time and place under

identical circumstances and treated exactly the same throughout field and laboratory

procedures. Analyses of field duplicates give a measure of the precision associated with

sample c.dlection, preservation and storage, as well as with laboratory procedures.

—Reagent water placed in a sample container in the laboratory and

treated as a sample in all respects, including exposure to sampling site conditions,

storage, preservation and all analytical procedures. The purpose of the field reagent

blank is to determine if methcid analytes or other interferences are present in the field

environment.

~—A pure compound added to a solution in known amounts and used

to measure the relative responses of other method compounds and surrogates that are

components of the same solution.

d~ .
Two sample aliquots taken in the analytical laboratory and

analyzed separately with identical procedures. Analysis of laboratory duplicates give a
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measure of the precision associated with laboratory procedures, but not with sample

collection, preservation, or storage procedures.

. .~—An aliquot of reagent water to which known quantities Of

the method analytes are added in the laboratory. The laboratory fortified blank is

analyzed exactly like a sample, and its purpose is to determine whether the

methodology is in control, and whether the laboratory is capable of making accurate

and precise measurements at the required method dekxtion limit.

. . ●~—An aliquot of an environmental sample to which

known quantities of the method analytes are added in the laboratory. The laboratory

fortified sample matrix is analyzed exactly like a sample, and its purpose is to

determine whether the sample matrix contributes bias to the analytical results. The

background concentrations of the analytes in the sample matrix must be determined in

a separate aliquot and the measured values in the laboratory fortified sample matrix

corrected for background concentrations.

●~—A solution of method analytes, surrogate

compounds, and internal standards used to evaluate the performance of the instrument

system with respect to a defined set of method criteria.

~—An aliquot of reagent water that is treated exactly as a

sample including exposure to all glassware, equipment, solvents, reagents, internal

standards, and surrogates that are used with other samples. The laboratory reagent

blank is used to determine if method analytes or other interferences are present

laboratory environment, the reagents, or the apparatus.

.
of ~ —The lowest concentration level that can be determined

statistically different from a blank.

in the

to be

—The level above which quantitative results may be obtained

with a specified degree of confidence. Confidence in the apparent analyte concentration

increases as the analyte signal increases above the limit of detection.

det~ . . . —The lowest concentration of analyte that a method can detect

reliably in either a sample or blank.
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.0~—Measure of the degree of agreement among replicate analyses of a sample,

usually expressed as the standard deviation.

● ● ☛ ●~—A solution of several analytes prepared in the

laboratory from stock standard solutions and diluted as needed to prepare calibration

solutions and other needed analyte solutions.

v ~—Procedure for determining the quality of laboratory

measurements by use of data from internal and external quality control measures.

definitive plan for laboratory operation that specifies the

measures used to produce data of known precision and bias.

.~A sample matrix containing method analytes or a solution of

method analytes in a water miscible solvent which is used to fortify reagent water or

environmental samples. The quality control sample is obtained from a source external

to the laboratory, and is used to check laboratory performance with externally prepared

test materials.

d S~
●

—A concentrated solution containing a single certified

standard that is a method analyte, or a concentrated solution of a single analyte

prepared in the laboratory with an assayed reference compound. Stock standard

solutions are used to prepare primary dilution standards.

~—A pure standard, which is extremely unlikely to be found in any

sample, and which is added to a sample aliquot in known amount just before

processing so that the overall efficiency of a method can be determined.
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List of Acronyms

Coc
DUS

ELCD

EPA

ES&H

a

Gc/Ms

LDV

LLNL

LOD

mg/L

MS

MSD

OVA

OVM

pH

ppmv

RSD%

SOP

TH

VOA .

Vm

chain of custody

Dynamic Underground Stripping

Electrolytical Conductivity Detector

U.S. Environmental Protection Agency

Environmental Restoration Division

hVirOIUXWIltd safety and Heakh

Gas chromatography

Gas Chromatography/Mass Spectroscopy

Low Dead Volume Injector

Lawrence Liverrnore National Laboratory

Limit of Detection

Milligrams per liter

Matrix Spike

Matrix Spike Duplicate

Organic Vapor Analyzer

Organic Vapor Meter

Potential of Hydrogen

Photoionization Detector

Parts per million by volume

Percent Relative Standard Deviation

Standard Operating Procedure

Total Hydrocarbons

Total Petroleum Hydrocarbons

Volatile Organic Analysis

Volatile Organic Compound
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Introduction and Background

Evaluation of Dynamic Underground Stripping as an alternative remediation

technology involved frequent sampling for monitoring contaminant levels during the

process. Four major objectives were tcx

1.

2.

3.

4.

Identify major contaminantts and obtain concentrations for calculating daily
contaminantt mass removal from the vapor and liquid streams.

Characterize the contamination removed.

Measure destruction effiaencies of the treatment systems for discharge
compliarm

Compare results with on-line monitoring instrumentation.

The focus of the analytical chemistry portion of Dynamic Underground Stipping

was to make accurate measurements of contaminants extracted from the ground. Even

though gasoline is a mixture of many components, standard analyses were selected for

measuring total petroleum hydrocarbons (TPH) and the benzene, toluene,

ethylbenzene, p, m-, * xylenes (BTEX) compounds so that consistent measurements

could be made throughout the facility. The primary objective was to obtain accurate

concentrations of contaminantts from both vapor and liquid streams so that contaminant

mass removed from the ground could be calculated.

Designing and maintaining a rigorous sampling and analysis schedule was

essential to successfully prove the efficacy of Dynamic Underground Stripping. By

using selective detectors on different instruments, we could distinguish between

concentration variability caused by the process or by the analytical method. Lower

variability was observed in the aqueous measurements espeaally once the water

treatment system performance was improved. The vapor stream concentrations, on the

other hand, showed higher variability and had to be sampled at closer intervals.

By diversifying the analyses (Total BTEX and TPH), the resulting mirror image

plots of contamination recovery from both streams were easier to interpret and were

essential for understanding the DUS process and treatment facility performance.
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Methods

This section describes the aqueous and organic sampling procedures used during

the DUS Project conducted at TFF.

TFF, as previously described, is a gasoline contaminated site and has two

treatment streams (aqueous and vapor) and one organic recovery stream (the recovered

product from the two streams). The aqueous and vapor treatment streams can be

monitored and sampled as they travel through the facility.

Sampling of Water and Vapor Treatment Systems

Sampling Ports. Figures 1 and 2 present simplified schematics of TFF showing

sampling ports for the water treatment system and vapor treatment system,

respectively. The following list describes each sampling port designation

TFF-SEPI

TFF-uvl

TFF-UV05

TFF-EO06-AQ

Oil/water separator (OWS)

ambient air heat exchanger

UV/oxidation system influent

UV/oxidation system effluent

influent, located after the

Faality effluent

stripping tanks

to sanitary sewer, located after the air

TFF-MEGA-AQ Aqueous phase obtained from vapor stream OWS (aqueous

condensate from flat plate heat exchanger)

TFF-MEGA-HC Condensed gasoline obtained from vapor stream OWS

(“organid’ condensate from flat plate heat exchanger)
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ICE-IN Internal combustion engine influent, located after the flat

plate heat exchanger

ICE-OUT ICE effluent

TFF-cFI GAC filter influent (air stripping tank off-gas vapor effluent;

aquams stream)

TFF-CFO GAC filter effluent (vapor).

Table 1 swmwizes the DUS project sampling schedule.

Tables 2 and 3 summarize the number of samples collected and the number of these

samples analyzed for each sampling port during the first steam and second steam

passes, respectively.

Table1. Sarnpliig schedule.

Mon. Tues. Wed. Thur. Fri. Sat. Sun Analyses

Samplelocations(aqueous)

TFF-SEPI I/d l/d l/d l/d l/d l/d l/d TPH,601/602-EDB

TFF-UVI I/d l/d l/d I/d l/d l/d l/d TPH,601/602-EDB

TFF-UV05 l/d I/d l/d l/d l/d l/d l/d TPH,601/602-EDB

TFF-EO06-AQ l/d l/d l/d l/d l/d l/d l/d TPH,601/602-EDB

Samplelocations(vapor)

TFF-ICE-IN 2/d 2/d 2/d 2/d 2/d 2/d 2/d FIDa

l/db l/d l/d l/db l/d l/d l/d TPH

a FieldmeasuremmtwithOVA.

bIncludeBTEX.
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Table 2. Sampling summary during the first steam pass.

Number of sampk?s Number of analysa

AqueousSamplingport

TFF-GST

TFF-1006-AQ

TFF-SEPI

TFF-SEPE

TFF-UVI

TFF-UVO1

TFF-W02
TFF-W03
TFF-W05

TFF-EO06-AQ

Total

VaporSamplingport

TFF-1006-VPR

TFF-VESI

TFF-CFI

TFFU?O

TFF-EO06-VI?R

Total

3

1

67

3

67

8

9

8

65

58

6

2

132

6

134

16

18

16

90

84

289

12

23

5

5

13

12

23

5

5

13

58 58
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Table 3. Sampling summary during the second steam pass.

Number of sarnph?s Number of analyses

AqueousSamplingPort

TPF-MEGA-AQ

TFF-SEPI

TFF-UvI

TFF-UV05

TFF-EO06-AQ

TFF-TNK2-BOT

TFF-TNK3-BOT

TFF-SUDAN Iv

Total

VaporSamplingport

TFF-I(K)6-VPR

TFF-ICE-IN

TFF-ICE-OUT

TFF-CFI

TPF-CFO

Total

34

54

54

29

38
2

12

68

107

106

30

38

4

24

51

223 428

11 13

160 206

12 12

7 7

5 7

188 245

Two types of analyses were performed on the aqueous stream: purge & trap

analysis of volatile organic compounds (VOCS)according to EPA’s method 601/602 and

total petroleum hydrocarbons (TPH) according to EPA’s method 8015-M. The

recovered organic material was analyzed for total hydrocarbons (TH) and composition

changes over time were analyzed by mass spectrometry.

Aqueous Sampling for VOC Analysis
The following VOC sampling protocol was used to collect samples for analysis of a

partial EPA 601/602 method including benzene, toluene, ethylbenzene, xylenes (para,

meta, and ortho)(BTEX), 1,2-dichloroethane (1,2-DCA), chloroform, carbon

tetrachloride, trichloroethylene (TCE), and ethylene dibromide (EDB), total petroleum

hydrocarbons (TPH), and total hydrocarbon (THl analysis.
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Glass vials (VOAS)were purchased precleaned to EpA standards. TWOsamples

each were collected for EPA-601 /602-EDB and two each for TPH (where applicable)

from each port. Talc-free gloves were used during sampling. The vials were uncapped,

and the inverted caps (sample side up) were placed in a clean area. Three sample line

volumes were allowed to pass, unsampled, into a waste container prior to sampling.

The edge of the sample line was then positioned at the top edge of the sample vial, and

ground water was allowed to run down the side into the vial. Care was taken not to

allow turbulent filling. The vials were filled just overflowing (showing a meniscus at

the top of the vial) and were capped. Once filled, the vials were inverted and tapped

gently to ensure that no head space was present. If air bubbles appeared, the vial was

discarded and the port was resampled. Samples were also examined for presence of

any free product. The vials were labeled, placed in ziplock bags, and stored in a

refrigerator. Sampling events were then documented in the TFF facility log book. The

log book and page number became the Chain Of Custody (COC) document control

number. The facility log book and the COC contained sample destination, analysis to be

performed, designation, date, and time. Samples were shipped or delivered to the

designated analytical laboratory and were kept at 4°C until analysis.

-C smplhg for TH & GC/MS analysis
GC/MS of recovered free product was performed to determine composition

changes over time. Samples were collected from the megators with a Coliwasa and

placed in VOA’S as described in the previous section. Samples were then logged and

handled in the same manner as the aqueous samples. All GC/MS analyses were done

by Clayton Environmental Laboratory, CA.

For TH analysis, two 1-L amber glass jars (having Teflon inserts in the caps) were

collected for each port sampled. The glass jars were pre-cleaned to EPA standards.

Talc-free gloves were used during sampling. Both jars were opened, and their inverted

caps set in a clean place. Three sample line volumes were allowed to pass, unsampled,

into a waste container prior to sampling. The edge of the sample line was placed at the

top edge of the glass sample jar. The water was allowed to run down the side into the

jar. Care was taken during sampling so that turbulent filling did not occur. The jars

were filled to just overflowing. The jars were not rinsed or excessively overflowed. Jars

were filled so that a meniscus existed atop of the jar. The jars were capped once the

caps were checked for cleanliness. The sample container was then examined for

sampling anomalies. The jars were labeled with waterproof black ink, and placed in a

plastic bag. Bagged samples were then placed into a cooler containing ice at 4“C. The
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sampling was then documented in the TFF facility log book. The log book and page

number became the Chain Of Custody (COC) document control number. The facility

log book and the COC contained sample destination, analysis to be performed,

designation, date, and time. The COC ordered the appropriate off-site analyses.

Vapor sampling for VOC analysis

Specialized sampling equipment was used for drawing samples under vacuum

from the vapor system into plastic “tedlar” bags. Sampling bags were inserted into a

desiccator equipped with plumbing from the sample bag to the sample port. By

drawing air from the desiccator, a vacuum around the sample bag was created

producing a pressure gradient from the pipes into the bag. Sample bags were

equilibrated with atmospheric temperature and pressure after removing them from the

desiccator. This automatic adjustment to ambient conditions allowed laboratory

chemists to directly report chemical concentrations from GC data. Samples were

documented in the TFF facility logbook as described in previous sections.

LaboratoryAnalyses

Total Petroleum Hydrocarbons

GC Apparatus. Analysis of total petroleum hydrocarbons (TPH) was performed

using an autosampler (PTA-30W/S, Dynatech Precision Sampling Corp.) and purge and

trap concentrator (Model 4460A, Trap #6: Tenax/Silica Gel/Charcoal, 0.1. Corp.)

coupled to a Hewlett Packard HP 5890 Series II gas chromatography equipped with a

flame ionization detector (FID). A fused-silica column (30 m x 0.53 mm id.) coated with

1.5 pm dimethylpolysiloxane (DB-1, CAT# 125-1032, J&W Scientific) was employed. The

injector and detector temperatures were 200 and 220°C, respective y. The gas

chromatography oven was held at an initial temperature of 35°C for four minutes

followed by temperature progr amming to 80°C at 8 deg/min, then to 220°C at 12

deg/rnin, and then to 240°C at 20 deg/min with a final hold at 240°C for two minutes.

The purge, desorb and bake times were 11,3 and 20 minutes, respectively. The desorb

and bake temperatures were 180°C. An HP 3365 Series II Chemstation (DOS) was used

for data collection, storage and integration.

Aqueous : samples were injected into the purge and trap sparge tube by the

autosarnpler in 5-mL aliquots. For high concentration samples (i.e. TFF-MEGA-AQ,
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TFF-SEPI, and TFF-UVI) the autosampler was programmed to dilute the sample by a

factor often (4.5 mL water added to 0.5 mL sample).

Vqmr: samples were received in either 1-L tedlar bags or in 500-mL stainless steel

spheres (SSS). Samples were injected directly into the gas chromatography in 100-pL

aliquots via a 100+L gas-tight syringe equipped with a side-port needle (Hamilton).

Two injections were made from each sample to ensure proper sample handling and

representativeness.

Standards and Reagents. ‘he gasoline employed to calibrate the method was free

product (weathered gasoline) obtained from well GSW-15 in June of 1990 at Lawrence

Livermore National Laboratory, Liverrnore, CA.

Aqueous: A working stock solution (10,000 mg/L) was prepared in 100 mL

methanol (high purity, B & J Brand, Baxter Scientific Products) by addition of 1.36 mL

weathered g&dine (density 0.735 g/mL). Standards were prepared from this working

stock in the range of 250-25,000 ppm by addition of 1 to 100 VL of this working stock to

clean water (filtered by a NANOpure, ultrapure water system, Model #D4741,

Barnstead/Thermolyne; followed by a 30 minute sparge with helium) in 40 mL VOAS

(I-G-). Appropriate standard concentrations and dilution factors (usually lo-fold)
were chosen that ranged between the concentrations of a given sample. Calibrations

were run as required (generally monthly). Three different standard concentrations were

checked prior to analysis of each set of samples, and the calibrations were deemed

accurate if each of the three check standards was *1O%of its expected value.

Vapr: Standards were prepared in 250-mL glass vessels. The glass vessels were

equipped with two stopcocks and a septum port. A new septa was placed on the vessel
and the vessel was evacuated on the house vacuum for 30 minutes. The vessel was then

removed from the house vacuum and 1 to 10 ML of gasoline was injected into it

(restiting concentration 832 to 8S20 ppmv). The vacuum was then relieved by rapid
turning of the stopcocks, and allowed to equilibrate for 30 minutes before analysis.

Three standards of differing concentrations were prepared and each one was injected

twice (in 1OO-ULaliquots) to ensure proper sample handling.
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TPH Window .
‘1’PHwas defined as the concentration of all compounds that elute within the C6 to

C12 window (hexane to dodecane).

VtzpmTPH was reported as mass per unit volume (mg/L or ng/yL) and parts per

million by volume (ppmv). Reporting ppmv requires a molecular weight to convert

mass/volume to ppmv (mol/mol). We report ppmv based on the molecular weight of

hexane, 86 g/mol. The calculation is as follows:

mass of gas/molecuku wt. of gas
x 106ppmv = volume of air/molecular wt. of air

volume (pL) x density (g/mL) x 1 mL/1000 pL x 24.4 L/mol ~ ~ti
ppmv =

0.25 Lx MW (g/mol)

4x 24.4x density (g/mL) x volume (@) x ~ti
ppmv =

1000 x MW (g/mol)

In the early part of the second phase of the DUS (May through July 1993), some

samples were observed to contain a large portion of low molecular weight compounds

that elute prior to hexane and, therefore, outside of the TPH window. For these samples,

we decided that the TPH value gave an inaccurate picture of the total amount of organic

compounds in a given sample. For this reason, we defined a new value, which we

termed “total hydrocarbons.” The window for total hydrocarbons can be described as

Cl to C12 (methane to dodecane), as we included all compounds that elute prior to

dodecane in this calculation.

Aqueous and Vapor VOC Analyses
GCApparatus. Chromatography was performed using a Hewlett Packard 5890 series

II gas chromatography (GC) outfitted with a photoionization detector (PID) and an

electrolytic conductivity detector (ELCD). A PTA-30 W/S autosampler (Dynatech

Precision Sampling Corp.) was employed for aqueous sample analysis. A low dead

volume (LDV) injector port with a transfer line attachment from an 0.1. Analytical

Corporation Model 4560 Liquid Sample Concentrator (#6 trap, tenax/ silica

3-202



gel/charcoal) was interfaced to the GC. The GC column was a J & W Scientific 30 m x

0.53 mm (inner diameter), fused silica DB624, with a film thickness of 3 micrometers.

The GC injector port temperature was maintained at 190°C. The PID and ELCD

temperatures were maintained at 220° and 900”C, respectively. The GC oven

temperature profile had an initial temperature and duration of 50”C for 5 min. The

oven then ramped 6°C per minute to a final temperature of 11O”C. A postsample

analysis babout was employed by ramping the oven at 20°C/rnin to 170”C for 3 min.

After the GC analysis, the oven returned to 50°C and equilibrated for 1 min prior to

analyzing the next sample.

The Liquid Sample Concentrator (purge and trap) was used for aqueous sample

analysis and low VOC concentration vapor sample analysis. The purge, desorb, and

bake times for liquid samples were 4,3, and 20 rnin, respectively. The purge, desorb,

and bake times for vapor samples were 8, 3, and 20 rnin, respectively. The purge,

desorb, and bake temperatures for either liquid or vapor samples were 25°,180”, and

190°C, respectively. HP Chemstation, an automated GC systems control and data

acquisition programmable workstation, was used to gather, process, and archive the GC

data.

BTEX and TCE were quantified by the PID while 1,2-DCA, Chloroform, Carbon

Tetrachloride, and EDB were quantified with the ELCD.

Aqueous samples were received for 601/602-EDB analysis from TFF-SEPI, TPF-

UVI, TPF-UV05, and TFP-EO06-AQsampling ports. The PTA-30 W/S autosampler was

used to dilute (if necessary) and transfer the sample to the liquid sample concentrator.

The dilutions performed by the autosampler were 1:5,1:10, and 1:20. The final sample

volume was 5 mL. Unpreserved aqueous samples were received in duplicate. One

sample was analyzed immediately. The other sample was held for later analysis

(confirmation proposes), or III@ its z-week expiration date. Expired samples were
returned to the sender for disposal.

Chlorobenzene was used as a surrogate to evaluate aqueous VOC recovery. Cis-

l~icldoropropane was used as an internal standard to measure GC performance, and

to generate the HP Chernstation internal standard sample cmcentration report.

Vaporsamples were received in either 1-L tedlar bags or in 500-mL stainless steel

spheres (SSS). Vapor samples were either introduced into the GC by direct injection

into the LDV injector port (high VOC concentration samples), or injected into the purge

and trap (low VOC concentration samples). The sample was deemed as a low VOC

concentration sample, if the concentration was less than 50 ppmv. Duplicate injections

were made on each sarnpie. The injection volumes for low and high VOC concentration
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vapor samples were 20 mL and 10 microliters @L), respectively. Injections were made

using either a 25-pL or a 50-mL gas-tight syringe (Hamilton). The 25+L syringe was

equipped with a side port needle, and the 50-mL syringe was equipped with a Teflon

stopcock (Supleco).

Low VOC concentration samples were introduced into the GC by injecting a 20-mL

sample into the sparge tube (purge and trap) using a 5&mL Hamilton gas-tight syringe.

The syringe was fitted with a stopcock and 18 gauge, 1.5%. needle in order to remove

the sample from the tedlar bag sample port. The syringe was flushed with the sample

three times to ensure that a homogeneous vapor sample was entrapped within the

syringe. Once a sample was drawn into the syringe, the stopcock at the syringe tip was

placed in the off position. The needle was removed and the syringe was then attached

to the purge and trap sparge tube. The syringe stopcoclc and the purge and trap sample

port valve were then opened, and the sample was injected into the sparge tube. Once

the sample was placed in the sparge tube, the purge and trap sample port valve was

closed and the purge cycle started manually.

High VOC concentration samples were injected directly onto the GC with a 10+L

sample through the LDV injector port using a 25- or 50-YL Hamilton syringe equipped

with aside port needle. The syringe needle was inserted into the tedlar bag sample port,

and was flushed with sample at least three times to ensure that a homogeneous vapor

sample was entrapped within the syringe. Ten microliters were drawn slowly into the

syringe, and then the direct GC injection was made. The GC was started manually after

sample injection.

Standards and Reagents

Neat compounds purchased from Chem Service, Inc. were used to prepare

calibrations for aqueous and high VOC concentration vapor samples. Scotty’s II

certified vapor standards (1, 10, and 50 ppmv) were utilized to prepare calibrations for

low VOC concentration vapor samples.

Aqueous: A 100-ppm (100 mg/L) working stock solution was prepared in 100 mL

of high purity methanol (B & J Brand, Baxter Scientific Products). The working stock

solution contained all compounds of interest. Working stock solutions were prepared

in 120-mL clear glass serum boties. The serum bottles were capped with Teflon-lined

silicone septa, and aluminum crimp caps. The septa and caps were replaced after use.

GC calibration standards were prepared in 40-mL VOAS by adding the appropriate

volume of the neat

ultrapure water

reagent to 40mL of ultrapure (0.22 micrometer filtered) water. The

was acquired from a NANOpure ultrapure water system
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(Barnstead/Thermolyne), and purged with helium for 30 min before use.

calibration standards from 2.5 to 2,000 ppb were prepared from a 100-ppm

PID GC

working

stock solution. ELCD GC calibration standards from 2.5 to 100 ppb were prepared from

a Ioo-ppm working stock solution. Calibration standards were analyzed and entered

into the Chemstation for each dilution factor used. The GC was calibrated every 2

weeks, and GC calibrations were examined daily using calibration checks.

Recalibration of the GC would occur anytime the calibration check varied 10% from the

anticipated value.

Vqmr: When the sample was received, the VOC concentration range was

determined by checking previous results or by GC screening. The sample designation

and analytical method were then entered into the HP Chemstation. Standards were

prepared in a 500-mL stainless steel sphere or 1-L tedlar bags. Neat compounds

purchased horn Chern Service, Inc. for uncertified standards were prepared to the

desired concentration. Standards were made in the laboratory by adding the proper

amount of clean air to the tedlar bag and then injecting the appropriate quantity of neat

VOC into the bag using a Hamilton syringe. The bag was then allowed to stabilize for

20 rnin prior to use. When the commercial standards were employed, a tedlar bag was

filled with the vapor standard and analyzed by GC. Vapor standards were made daily

and not reused beyond 24 h. Standards were analyzed weekly, and a response factor

(RF) was used to calibrate the GC and quantify the vapor sample concentrations. The

RF is the detector response (area counts) divided by the concentration and was checked

weekly, Also, the GC was recalibrated if necessary.

Sample concentrations changed over time as the facility was extracting VOCS.

Generally, samples collected from ICE-OUT and CFO contained low VOC

concentrations, and samples collected from ICE-IN, 1006-VPR, and individual well

heads contained high VOC concentrations.

Use of Sudan lV as a Petroleum Indicator

Introduction

Sudan IV is a hydrophobic, synthetic organic compound. It is a non-ionic stain having a

molecular weight of 380. Its formal histological use is as a lipid/lipine/fatty acid

staining agent. Sudan IV will partition into the hydrophobic phase in biphasic

hydrophobic/hydrophilic matrices. Sudan IV can be used to visually determine the

presence of gasoline (free product) in aqueous matrices by staining gasoline red. We

tried two different procedures for adding Sudan IV to the samples: dry reagent
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addition and saturated solution addition. Dry reagent addition was used when

milliliter volumes of gasoline were present in the.aqueous matrix. However, particulate

matter (residual, insoluble Sudan IV) is present as a result of the dry reagent addition

and interferes with visual observations of minute organic-phase quantities but dry

reagent addition gives a rapid visual response (minutes). Sudan IV saturated solution

addition was used when rnicroliter quantities of gasoline might be present. The

saturated stock solution is made in methanol and gives a slow visual response (hours).

Methods

Positive controls and negative controls were employed for both the dry and

solvated reagent procedures. 40-mL VOAS were used for both procedures since the

samples were received in these vials. Positive controls verified specific Sudan IV

organic-phase partitioning while negative controls verified the nonspecific Sudan IV

organic-phase partitioning. It was important to have 1.0 to 1.5 mL of head space when

adding Sudan IV (dry or wet) to the VOA. In our case, the VOAShad been analyzed for

VOC’S so the required head space was present. 1.0 to 1.5 mL of the sample was

removed if there was no headspace prior to the assay.

The positive control for the dry reagent addition method was prepared by injecting

(using a l-mL disposable plastic syringe) 0.5 mL of gasoline into a capped 40 mL VOA

of water containing a stir bar and 0.5 mg of dry Sudan IV. The VOA contents were

stirred for 1 minute, inverted, and placed in a rack for 5 minutes before recording the

stain partitioning results. The negative control was prepared similarly, but without

addition of the gasoline. Unknown samples were first visually examined for the

presence of any organic phase and then treated like the controls. A stir bar and 0.5 mg

of Sudan IV were added to the sample and the results were recorded after 5 minutes.

The Sudan IV solution addition method employs a saturated solution of Sudan IV

in methanol. The positive control was prepared by injecting 2 to 10 microliters (pL) of

gasoline into a capped 40 mL VOA of water containing a stir bar. Then 1.5 mL of the

saturated Sudan IV solution was injected into the VOA. The contents were stirred for 1

minute, inverted, and placed in a rack for 24 hours before stain partitioning results were

recorded. The negative control was prepared in a similar way, but without addition of

the gasoline. Unknown samples were first visually inspected for the presence of an

organic phase and then treated like the controls.
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GasolineSaturationExperiments

Duringthe course of the first steam pass some concern arose over the high level

of contaminant t concentrations observed. If the saturation point of the gasoline in water

had been reached, then it was possible that large volumes of gasoline were passing

through the aqueous stream without being accounted for. The maximum concentration

of total BTEX in the SEPI sampling port was reported on February 12, 1993 as 48,100

pg/L. The maximum concentration for TPH was 172,000 pg/L on March 13,1993. If

the water was indeed saturatd with gasoline, then these values would represent only a

fraction of the total mass of contaminantts being removed from the site.

After the conclusion of the first steam pass the ukraviolet/peroxidation system

was drained and opened for inspection. Inside the system, a small quantity (ea. 100 mL)

of free product (TFF-UV-HC) was found. This finding would appear to support the

idea that the gasoline had surpassed its saturation point in water. However, visual

inspection of samples received showed no evidence of an organic phase. Also noted

was that in none of the 23 samples taken from the MEGA-AQ sampling port and treated

with Sudan XVduring the second steam pass, was an organic phase detected. These

samples had a maximum total BTEX concentration of 52W ~g/L and a maximum TPH

concentration of 154~ ~g/L (sample taken on May 30, 1993; elapsed time 7.04 days).

Experiments were performed in the lab to determine the volubility of gasoline in

water. Two different types of gasoline were employed and they gave two different

results (see Table 4). The gasolines used were free product obtained from GSW-15 in

June 1990 (the same gasoline used for calibrations in TPH analyses) and TFF-UV-HC

obtained from the ukraviolet/peroxidation system in March 1993, as mentioned above.

The general method was to add 1 mL of gasoline to a VOA containing ca. 38 mL of

water (unless otherwise noted), and allow it to equilibrate for at least 24 hours. Each

VOA was sampled periodically by transferring 0.4 mL of the aqueous phase to a 40-mL

VOA containing 39.6 mL of water (two samples taken at each sampling period, one each

for TPH and total BTEX). Note that the equilibration times given are not the actual time

required to reach equilibrium (all appeared to reach equilibrium after only 24 hours),

but are merely the time of the last sample taken.

The results obtained using free product from GSW-15 indicate that none of the

samples taken during either steam pass had reached the saturation point of gasoline in

water. However, the results obtained using the free product collected from the

ultraviolet/peroxidation system would seem to indicate that it is possible that some of
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the samples had, in fact, been saturated with gasoline. The ultraviolet/peroxidation

system causes the gasoline to undergo chemical changes, which affects its volubility.

Table A Saturation experiment resuk

Water source Gasoline source Equilibration Total BTEX TPH

Time @r) (vg/L) (pg/L)
ml GSW-15 4$ 105,OOO 222,000

~ 12 GSW-15 48 108,OOO 243,000

GSW-13 GSW-15 118 92,000 236,000
DI 3 TFF-UV-HC 137 24,000 92,000

DI 3/4 TFF-UV-HC 91 28,000 83,000

TFF-1006-AQ TFF-UV-HC 25 2$,000 68,000

GSW-13 TFF-UV-HC 118 18,000 75,000

Notes:

1. The exact source of the TFF water is unknown.

2.Thissample was agitated during the equilibration period, and allowed to settle before
sampling.

3. DI water is distilled water that has been filtered and purged with helium.

4.50:50 mixture of gasoline and water.
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Quality Assurance/Quality Control (QNQC)

WaterAnalysis QAfQC

Surrogate Recoveries
Chlorobenzene was used as the surrogate spiking compound, and was added to

every aqueous sample, including blanks. Project methods called for QC limits ranging

between 50 and 150% of recovered surrogate in compliance with EPA

recommendations. Recovery of chlorobenzene in Ap~dix E ranged between 60% and

134% which is well within the accepted QC limits (Methuds @Y the Determination of

OrganicComp&mdsin Drinking Wuter,”EPA400/4-88/039, December 1988,page 46).

Field Spikes (Percent Recovery)

For analytical QA/QC, matrix spikes, and matrix spike duplicates were performed

throughout the duration of the experiment. The spiking levels were three to five times

the estimated amount for designated compounds present in the sample. The spiking

compounds were added to the matrix spike and matrix spike duplicate aliquots of the

sample before being placed on the purge-and-trap apparatus.

Calibration Method
The Internal Standard Method (ISTD) using the HP3365 Series II ChemStation

Software calculates each peak separately and reports the absolute amount of material

for each calibrated analyte. The residts are independent of sample size, giving the most

accurate analysis scheme for liquid samples. The PTA-30 W/S autosampler

automatically delivers 100 ng of the internal standard, cis-l>Dichloropropene, to every

sample. Since this internal standard is present in both unknown and calibrated

samples, it serves as a reference or normalizing factor. Normalization of a compound

(y) is done by

y (pg/L) = Amount Ratio x Actual Concentration of ISTD x dilution fa~or,

where
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R’hsTD

Area of compound y peak

Area of internal standard peak
Ratio of y amount (pg/L) to unit area of peak y (detector

response factor)

Ratio of ISTD amount (100 ng) per unit area of the internal

standard peak (detector response factor)

Limit of Detection
Limits of detection were set using the American Chemical Society recommendation

that detection levels beset at three times the standard deviation of the noise level of the
analytical measurement and that quantification levels be set at ten times the standard

deviation. The range between three and ten times the standard deviation is considered

uncertain for purposes of quantification. Table 5 presents detection limits for various

VOCS by detector type (Principles of Environmental Analysis; Anulytic Chemis@ 55,
2210-2218,December1983,AmericanChemicalSociety).

Table 5. Detection limits (p@L).

Voc Photoionization Electrolytic Plame ionization

detector (PID) conductivity detector (PID)

detector (EKD)

Benzene 0.2

Toluene 0.2

Ethyl benzene 0.2

p~-xylene 0.2

*xylene 0.2

1~-dichloroethane 0.2

Trichloroethene 0.2 0.2

Ethylene dibromide 0.2

Chlorobenzene 0.2 0.2.
10
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Criteria for Recalibration
Aqueous calibration checks were run daily using 25,100, 2m pg/L of a list stock

solution, which contained BTEX, 1Z+3CA, TCE, and EDB. If the calibration check

standards varied by 10% of the antiapated value, the instrument was recalibrated. An

NIST traceable external check sample was analyzed when a new calibration was

performed. All methods used were calibrated by external calibration procedures using

five to seven analyte concentrations.

Accuracy and Precision

Data quality criteria established in terms of precision and accuracy are presented

in Table 6. Precision objectives are expressed in terms of relative percent difference

KD). ~D is daed = the Werence between two values, divided by their average.
Preasion was determined by using laboratory duplicates. The analyses of the

duplicates met the analytical precision objectives of the project which were* 20%.

Accuracy objectives were evaluatd through the use of laboratory control samples

and Matrix Spike/Matrix Spike duplicate analyses. Laboratory control s~ples are

clean reference samples spiked with a known concentration of target analytes.

Table 6. Data quality criteria and objectives

I Parameter I Precision I Accuracy I
aim) (Inailix%Iecovay)

3 80-120

Benzene 2 80-120

I Toluene I 2 I ao-lm I

I Ethylbenzene I 2 I W120
I

I p-PXylene I 2 I 80-120
I

I *Xvlene I 2 I 80-120 I

Blank hdySeS

Method blanks were analyzed for every three to four unknown samples showing

no contaminants greater than the detection limit for the method being used.
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Vapor Analysis QNQC

Limit of Detection
The limit of detection for 10 pL of high VOC concentration samples was 1 ppmv

for the compounds of interest. The limit of detection for 20 mL of the low VOC

concentration samples were as follows: benzene, 0.015 ppmv; toluene, 0.100 ppmv;

ethylbenzene, 0.005 ppmv; all xylene isomers, 0.007 ppmv each; l@XA, 0.010 ppmv;

chloroform, 0.015 ppmv; carbon tetrachloride, 0.004 ppmv; TCE, 0.020 ppmv; and EDB,

0.003 ppmv.

Blank Spheres

Prior to use, 500-mL SSSs were cleaned, pressure checked, and analyzed for

ts. Contaminated SSSs were flushed with clean air for 45 min to removecontaminant

residual contamination. After the flushin~ the valves were closed. GC analysis was

then performed using an equal or larger sample than required by the method being

performed. FID and PID/ELCD detectors were used to check for residual

contamination.

Precision
The data quality miteria are established in terms of precision (see Table 7). Vapor

samples were not spiked, therefore accuracy was not calculated. From duplicate

analyses, the average difference, or average range, is calculated by summin gall the

differences (absolute values) and dividing by the number of observations: R = ~i/n.

This is converted to standard deviation(s) by dividing by 1.128 (StandardMefhdsjbr the

Examinationof Waterund Wife Water, 18th Edition, 1992,1030 C).

Table 7. Data Quality Criteria and Objectives

Parameter

TPH

BTEX

(s)

23

27

Criteria for Recalibration
All analytical methods used were calibrated by external calibration procedures,

using two to three standard concentrations, depending upon the method. A new
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calibration was performed at least once per quarter or as needed when the RSD was

greater than 20%. Calibration checks were run daily using two concentrations of the

external standard purchased fmmScottySpecialtyGas,Inc.(10 and 50 mg/L BTEX).
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Results

Baseline Pre-Steam
All daq collected for the presteam baseline is l-ted in Appendix A.

1006-AQ

1006-AQ is the designation for the combined extraction well influent to the

aqueous treatment system. It is located before the heat exchanger (Fig. 1) and was,

therefore, difficult to get representative samples due to high temperatures of the water

one steam injection had begun. For this reason it was sampled minimal y throughout

the duration of the steam injection process. The SE.PI (or SEPE, see below) sampling

ports (located after the heat exchanger) were deemed to be better representatives of the

cent aminant concentrations in the ground water. The two times this port was sampled

prior to steam injection it gave concentrations comparable to those measured from SEPE

sampling port, differing in total BTEX concentration by less than 2% on each occasion

(Appendix A).

SEPE
The SEPE sampling port’ is located after the oil/water separator and before the

ultraviolet/peroxidation system (Fig. 1). This port is located Uptrearn of ~ ~d the

two are separated only by distance, as no treatment occurs between the two sampling

ports. Differences of less than 1% were observed in total BTEX concentrations between

SEPE and UVI in the two initial sampling dates. Therefore, for the remainder of the

preliminq tests prior to steam injection, 1006-AQ and SEPE were not sampled.

UvI,UvIl

These two sampling ports are found on the influent stream to the

ultraviolet/peroxidation system (Fig. 1). Sampling of UVI was done to check the

ukraviolet/peroxidation system performance and, since none of the upstream ports

were sampled regularly, also to create a baseline database for contaminant

concentrations in the ground water. Initial BTEX concentrations were 39W ~g/L, but

decreased steadily to 11~ pg/L. k general, ~e was observed to be the major

component comprising approximately 50% of the total BTEX concentration. Toluene

and total xylenes were approximately 25 and 15-20%, respectively, while less than 5%

of the total BTEX concentration was comprised of ethylbenzene. The benzene
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concentration remained fairly constant while

components decreased by at least 80%(Fig. 3).

the concentrations of each of the other

TCE concentrations were as high as 64 ~g/L, but decreased to 7.8 pg/L on the final

sampling date prior to steam injection. EDBhad high initial concentrations (up to 168

pg/L), but decreased to less than 35 yg/L by the fourth sampling date and was not
detected in the final five samples. 1,2-DCA showed the most variability with a
~m of 344 pg/L and a minimum of 18 ~g/L on the final sampling date (Fig. 4).

UVIl differs from UVI in that the hydrogen peroxide is added to the aqueous

stream between these two sampling ports. UVI1 was only sampled prior to

Underground Stripping while preliminary tests were being performed on the

ultraviolet/peroxidation system, and on average had total BTEX concentrations that

were lower by 17% than those found in UVI.

WO1, W02, W03 and W05
UVO1, UV02, UV03, and UV05 are sampling ports located on the

ultraviolet/peroxidation system. UVOX is taken after the water has made a pass by x

number of ultraviolet lamps. The system is made for five total UV lamps, but was

operated with only four in place, and so, the UV04 sampling port was not samplai. The

destruction effiaency of the unit was 5% in the initial test but was greater than 98% for

each of the last twelve tests performed (see Fig. 5), and reached

100% on four occasions (BTEX not detected in the UV05 sample).

EO06-AQand El

peak performance of

EO06-AQ and El are two sampling ports located after the air stripping tanks

(Fig. 1). El is downstream of EO06-AQ and is the baker tank (a 5000 gallon tank for

collecting treated water, e below) infiuent. In these preliminary tests the air stripping

tanks were not in line, and as a result EO06-AQ and El were essentially equivalent to

UV05.

BT-1%1 and BT-1962

These are the designations for the two sampling ports located on the two baker

tanks. The treated water was collected in the baker tanks and air sparged until the

t concentrations were brought under discharge limits. In these prelimimrycontarninan

tests these two ports give the contaminantt concentrations of the discharged water.
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First Steam Pass Analytical Results

Groundwater
All data collected for the Aqueous samples during the first steam pass is located in

Appendix C.

SEPI
SEPI was the designation for the aqueous sampling port of untreated ground water

located after the heat exchanger (Fig. 1) represented water pumped directly from the

wellhead and considered to have concentrations that were most representative of the

groundwater. Initial TPH concentration in the water during the first steam pass was

about 20 ppm and increased to as high as 172 ppm during 38 days of continuous

pumping (Fig. 6). TPH concentrations were quite v~able d~ng this m~ raging

between 17 and 172 ppm. Three to 7-fold fluctuations in TPH concentrations were

observed within a 24 h period.

Total BTEX concentrations showed the same variability with initial concentrations

of 10 ppm increasing to 46 ppm during the same period (Fig. 6). Tot~ BTEX ringed

between 20 and 60% of TPH throughout the 39 days this port was sampled. The highest

percentages were observed in the first 10 days of continuous operations. The highest

percent of the BTEX components in the aqueous stream consisted of toluene averaging

about 32%withmaximum concentrations of 17 ppm (Fig. 7). Total xylenes were also

high and averaged 42% of total BTEX with highest concentrations of 20 ppm. Benzene

averaged 19% of total BTEX during the first steam pass even though percentages above

40% were measured in the first 2 days of continuous operations and then declined to

about 20% for the following 37 days. Benzene concentrations ranged between 0.7 and 6

ppm during the 39 day period. Ethylbenzene constituted less than 10% of total BTEX

and concentrations were measured between 0.3 and 3 ppm during the same period of

time.

TCE concentration in the groundwater the first eight days was around 50 ppb

(Fig.0. Concenhationsstab- ~ound 20ppb for the next 31 days. lZ-DCA, on the
other hand, showed much larger fluctuations between 20 and 120 ppb. Concentrations

of EDB were lower but similarly variable ranging between 11 and 47 ppb.

UVIand W05
UVI was designated as the aqueous sampling port of water before exposure to the

ultraviolet/peroxide oxidation system and downstream of SEPI (Fig. 1). Concentrations
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of TPH and total BTEXat UVI followed the same pattern as those at the SEPIport but
were lower by less than 10% (Fig. 9). Percentages of the BTEX components also

remained the same.

1~-DCA, EDB, and TCE showed similar concentrations as the SEPI port and were

also lower by less than 10%.

UV05 was the aqueous sampling port downstream of UT/Iafter water was exposed

to the ukraviolet/peroxide oxidation system (Fig. 1). Destruction effiaenaes were

calculated using BTEX concentrations measured from the UVI and UV05 ports. BTEX

destruction effiaenaes greater than 90% were achieved only in the first 5 days of

continuous pumping (Fig. 10). After 5 days, destruction effiaenaes fluctuated between

10 and 80%. Concentrations of total BTEX varied between 0.019 and 28 ppm depending

on the performance of the unit.

1~-DCA and EDB were not destroyed by UV peroxidation while KE was reduced

by 50%.

EO06-AQ

The pumped ground water was discharged to sanitary sewer after air stipping

and concentrations of total BTEXwere monitored at the EO06-AQport (Fig. 1). Fi~e

11 shows total BTEX concentrations ranged between 0.3 and 71 ppb. Highest

concentrations were measured during the first 12 days of operations and were typically

less than 10 ppb thereafter. TCE, l@XA and EDB were never detected in the water

from this sampling port.

Vapor

AU data collected for the vapor samples for the prestearn baseline is found in Appendix

B, and the first steam pass samples are located in Appendix D.

VESI

VESI was the vapor sampling port located after the flat-plate heat exchanger and

before the carbon adsorption system (Fig. 2). Laboratory analyses of Total BTEX

concentration measured from this port was around 500 ppmv except for 11 days after

continuous extraction when concentrations were measured as high as 2,000 ppmv

(Fig. 12). Field measwements with the photovac showed the same trend (Fig. 13;
Appendix G). Concentrations at 25 and 33 days reached 5,000 ppmv with continued

field monitoring. BTEX components in the vapor stream were largely comprised of
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toluene (34%) and total xylems (50%). Of the remainder, 11% was benzene and 6% was

ethylbenzene.
During the first steam pass, vapor samples were also analyzed for lZ-DCA, TCE,

and EDB and were never detected.

IO06VPR

1006-VPR was the vapor sampling port located after the extractors and before the

flat-plate heat exchanger (Fig. 2). Since the vapor was collected at 90°C and allowed to

cool to ambient temperature, the samples contained a large volume of condensed water.

The quality of the vapor concentration data from these samples is therefore uncertain

but is found in Appendix B.

CFO and CFI

CFI and CFO were the GAC filt~ influent and effluent sampling ports. Few

samples were taken at these ports and concentrations were very low.

Second Steam Pass

Groundwater

All data collected for the aqueous samples during the second steam pass is located in

Appendix E.

SEPI
Initial TPH concentration in the groundwater before the second steam pass began

was 76 ppm and dropped to approximately 16 ppm after 30 days of continuous

pumping (Fig. 14). Concentrations of TPH remained relatively constant for the 75 days

since the beginning of the wxond steam pass.

Total BTEX showed a siniilar trend with initial concentrations of 33 ppm dropping

to 9 ppm during the same period. BTEX ranged between 40 and 60% of TPH

throughout the 75 days this port was sampled. Both total xylenes and toluene

constituted 37% of the BTEX components in the aqueous stream with maximum

concentrations of 12 ppm in the first few days and 3 ppm after 30 days (Fig. 15). 16% of

the total BTEX was measured as benzene. Concentrations were lower than the xylenes

and toluene and ranged between 2 and 6 ppm during the 75 day period. Ethylbenzene

was only 6% of total BTEX and concentrations were 2 ppm and dropped to less than 1

ppm during the same period.
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1~-DCA and EDB were not detected in the water during the second pass while

TCE concentrations of pumped ground water remained steady at 20 ppb (Fig. 16).

UVIand UV05
Concentrations of TPH and total BTEX at WI followed the same pattern as those

at the SEPI port but were lower by 15% (Fig. 17). The percentages of the BTEX

components also remained the same except for the percent of ethylbenzene was lowered

to 3.

As observed in SEPI, lZ-DCA and EDB concentrations remained non-detectable

while TCE concentrations fluctuated between 16 and 50 ppb.

Destruction efficienaes of total BTEX by the UV peroxidation unit was greater than

98% after 30 days of operation (Fig. 18). Before 30 days, the effiaenaes dropped to as

low as 60%. Concentrations of total BTEX measured from W05 varied between 0.013

and 17ppm depending on the performance of the unit.

TCE in the water was reduced by 50% flowing from UVI to UV05.

EO06-AQ

Concentrations of total BTEXand TCE were less than 10 ppb at EO06-AQbefore
discharging the water. 1~-DCA and EDB were never detected in the treated water

(Fig. 19).

MEGA-AQ

MEGA-AQ was the sampling port after the oil-water separator of the aqueous

portion of the vapor condensate (Fig. 1). TPH concentrations decreased almost linearly

the first 16 days of continuous pumping from 142 ppm to 73 ppm (Fig. 20).

Concentrations remained fairly constant at 80 ppm for the rernaining 31 days. Total

BTEX concentrations, on the other hand, remained constant around 40 ppm throughout

47 days. Percentages of the individual BTEX components were similar to those

measured from SEPI and UVI ports except that benzene constituted only 9Y0. Benzene

was a larger portion of total BTEX during the first nine days between 11 and 22%

(Fig. 21).
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Diversion of Aqueous Stream

TNK-BOT & TNK-TOP

During thesecond steam pass, three 600 gallon diversion tanks were plumbed into

the aqueous steam between the oil/water separator and the UV peroxidation system.

Water was periodically diverted into one of these tanks and held for 24 hours to check

for separation into organic and aqueous phases. After 24 hours, a sample was taken

from the bottom of the tank and analyzed (TPF-TNK-BOT’). Concentrations of organics

were observed to decrease by 50% during the 24 hour holding period. Due to the

observed loss of organics during the diversion, two extra samples were taken at one and

six hours holding time for the diversion conducted on June 15,1993. Concentrations of

organics were observed to decrease by 50% during the process of diverting the aqueous

stream into the tanks while the concentrations remained relatively constant in the tank

during the 24 hour holding period (see Table 8).
A second sample was skimmed from the top of each tank and treated with Sudan

IV to check for the presence of an organic phase (TFF-TNK-TOP). The separation of an

organic phase was never observed to occur in any of these samples. Similarly,

separation into organic and aqueous phases was never observed in 14 tank diversions

after holding for 24 hours.

Table 8. Diversion Tank Concentration vs. Holding Time.

Sampling Port Holding Total BTEX Reduction TPH Reduction

Time @r) @g/L) (%) (yg/L) (%)

SEPI-554H ● 11/800 ● 26,900 ●

TNK3-mT-555H 1 ● ● 12,600 53.2
TNK3-BOT-560H 6 5,980 49.3 12,100 55.0

TNK3-BOT-578H 24 5,930 49.7 10,800 59.9

A sample taken immediately after filling the tank (TNK3-BOT-555H) showed

greater than 50% decrease in TPH concentration relative to a sample taken from SEPI

(SE1’I-554H)at the time of aqueous stream diversion. The TPH concentration decreased
less than 7% during the following 24 hour holding time. The BTEX concentration

showed a similar trend with the concentration decreasing by less than 1YOduring the

final 18 hours of the holding time.
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Sudan IV Staining of Aqueous Samples
A total of 65 aqu~us samples (9 from SEPI; 26 from UVI; 23 from MEGA-A~ 7

from TNKS) were stained with Sudan IV and only one from UVI was identified as

slightly positive.

Vapor Analytical Results

All data collected for the vapor samples during the second steam pass is located in

Appendix F.

ICE-IN

Initial concentration of total hydrocarbons measured from the ICE-IN port before

the second steam pass was 90,000 ppmv (Fig. 22). After ten days of continuous

extraction, concentrations decreased between 10,000 and 20,000 ppmv. TPH

concentrations, on the other hand, were lower than total hydrocarbons by a factor of

two during the first four days of extraction and then declined to approximately 15,000

ppmv until day 47 when 24 h operations were suspended. High TPH concentrations

(46,000 ppmv) were again measured when 8 h operations were resumed 60 days from
the beginning of the second steam pass. Concentrations continued to decline to 5,000

ppmv between% and 114 days post second steam. Similar results were obtained from
field measurements with a Foxboro OVA (Fig. 23; Append.ixH).

Total BTEX remained low (less than 5,000 ppmv)

pass and accounted for less than 25% of TPH (Fig. 24).

shown in I%g.25.

ICE-OUT

during the whole second steam

The individual components are

Concentrations of total hydrocarbons was typically less than 250 ppmv except for

on day 12 when concentrations were measured at about 1000 ppmv. Total BTEX from

this port ranged between 0.9 and 14 ppmv. The highest concentration of 97 ppmv was

measured on the 10th day.

1006-VPR

Total hydrocarbon concentrations measured from this port were similar to

concentrations measured from ICE-IN for the first 18 days (APPENDIX D). Following

heating the spheres to their ambient temperatures, the recovery of total hydrocarbons

increased by 2.5-fold.
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MEGA-HC

Significant changes in constituents of the organic vapor condensate were observed

during the second steam pass (Table 9). Due to the complexity of gasoline

chromatograrns, only the ten largest identifiable peaks by GC/MS are shown. Presence

of mostly alkanes and fewer aromatics were detected in the first 4 days of operation.

During the 600 hours of operation that followed, the alkanes were gradually replaced

by the alkyl substituted aromatics. m,pxylenes constituted the highest percentage of

the total between 11 and 15% but decreased to 4% after 29 days of continuous operation.

Appearance of naphthalene, on the other hand, was observed after 25 days of

extraction.

cFo&cFI
These samples were taken primarily for compliance monitoring purposes.

Samples analyzed by gas chromatography for total hydrocarbons never exceeded 45

ppmv. Ekwever, these ports were monitored primarily with the OVA.
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Table 9. Time comparison of total ion chromatograms (mass spectmphotometry) of
samples taken from the MEGA-HC sampling port.

Retention 5/25 5/27 6/3

time (mid Tentativelyidentifiedcompounds (%) (%) (%)

1.97 2-Methylpentane 3.4

MethylCydOp(?l’ltiiIK2 3.1

277 2-Methylhexane a %6

2.88 3-Methylhexane 43 24

3.19 Heptane 3A

4.22 Toluene 12 11 39

4.77 Octane 24

5.87 Ethylbenzene u 3s

6.08 111#-xylene 15 u 11

6.49 O-xylene 4.2 49 49

7.55 RoPylbenzene

7.70 l-Ethyl-2-methylbenzene u 66 4s

7.82 l#sTrimethyl benzene 26 7a

8.28 lz,4-Trimethylbenzene 72 27

8.75 12>Trimethylbenzene 3.8 9.1

8.78 l-Ethyl-3-methylbenzene 4s

9.22 l-Methyl-3-propylbenzene 3.7

9.80 l-Methyl-2-(1-methylethyl)benzme

10.77 1,2,3,5-Tetramethylbenzene

10.83 l-Met~yl-2<2-propenyl)lmw?m

11.28 C4alkylbenzene

11.40 Naphthalene

13.m 2-MethylnaPhthalene

13.24 l-MethylnaPhthalene/

6/15 6/17 6/21

(%) (%) (%)

32 28

3s &l

9JI 11 m

WI 4.6 27

28

52

8a 9.7

7AI 11 9.6

43 &6 u

3A %7

3.0 30

23

26 L9

28 3AI

27

27
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Discussion

Vapor

The vapor stream accounted for 98% of the gasoline removal during DUS.

Recovery from both streams were better understood after process modifications were

made during the second steam pass. Many analytical uncertainties existed during the

first steam pass because initially only BTEX compounds were analyzed and in addition,

very limited sampling was done at the vapor treatment system. The ratio of total BTEX

to TPH was estimated making daily mass removal of gasoline difficult to estimate.

However, during the second steam pass, several process modifications were made as

well as analytical adjustments to improve gasoline recovery estimates. The number of

samples collected was increased threefold and the type of analyses expanded to

include TPH and TH, so that more information was gathered for each sample. During

the second steam pass, TPH to TH ratios were constant except for the first four days of

operation suggesting the preferential recovery of lighter (less than 6 carbon)

compounds. GC/MS analysis of the extracted free product confirmed this.

Total BTEX and TPH concentrations versus time during the second steam pass,

showed the same trends, suggesting that changes in the concentrations were due to the

process and not to the analytical method used. In fact, consistent changes in

hydrocarbon concentrations reflected the pattern of steam injection; highest

concentrations were observed every time steam was shut off specifically on days 15,29,

and 38. These same patterns were verified with on-line monitoring instrumentation, as

described above in the section entitled “Characterization of the Vapor Stream at the

Lawrence Livermore Dynamic Stripping Site by Differential Ultraviolet Absorption

Spectroscopy (DWAS).” Diversifying the analyses and increasing the number of

samples improved the data quality between the first and second steam passes.

Groundwater

Analytical results at the conclusion of the two steam passes indicated that the

aqueous stream accounted for less than 2% of the removal of gasoline. Prolonged

pumping and injection of steam during the first steam pass, caused a large quantity of

particulate matter to accumulate in the UV/peroxide system that caused operational

difficulties of the treatment faality and contributed to high variability in the data.

During the second steam pass, no particulate matter accumulated in the UV/peroxide

system and there was low concentration variability during the continuous pumping.
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Aqueous samples were analyzed for TPH during the first steam pass unlike the
vapor stream. TPH concentrations increased 5-fold during the first steam pass and

declined exponentially to 25D0 ppb during the second pass. Percent of TPH that was

BTEX was fairly constant during the second pass around 50 while during the first pass it

varied between 20 and 60%. Causes of this variability were discussed above.

Destruction effiaency of the UV/peroxide unit was greatly improved in the

second steam pass due to modifications made to the unit and monitoring concentrations

of samples collected from the influent and effluent streams. As discussed earlier,

during the first steam pass, a large amount of particulate matter was extracted from the

subsurface which decreased the efficiency of the UV lamps. When the unit was opened

for inspection at the end of the first pass, the lamps were coated with particulate and/or

biological material. Small pools of gasoline were also present. This did not occur

during the second steam pass.

The major analytical uncertainty after the first pass was whether or not free

product was present in the water stream as an emulsion and therefore the

concentrations were not measured accurately. The gasoline saturation experiments and

the Sudan IV staining described in the results were done to verify contaminant

concentration results from the purge and trap method. The results indicated that total

BTEX concentrations in the aqueous stream were way below saturation and no

emulsion was visible with the Sudan IV staining technique.

Prior to beginning the second steam pass, modifications were made to the

treatment facility so that the vapor condensate was recovered from a separate stream

and could be collected and measured as gasoline. This modification simplified gasoline

recovery estimate calculations. Diversion of the aqueous stream into the tanks verified

that an emulsion was not present and the contaminants measured by purge and trap

analysis were dissolved in water.

Analytical adjustments for the aqueous stream during the second pass, was to

diversify the analyses like the vapor stream. Both TPH and BTEX were measured by

different instruments from different sampling ports. SEPI and UVI showed similar

concentrations verifying that changes in concentrations during constant pumping were

not due to errors in sampling and analysis but were directly related to the treatment

process (e.g., steam pulses and extraction rates).
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Appendix A Pre-DUS Baseline Aqueous Data

DateSampled TotalBTEX BTEX Benzene Toluene Ethylbenzene Total Xylenea TPH*
J’@ % of TPH )@ I@ K@ I@

TFT-1006-AQ
22n8/92
116193

TFF-SEPE
12/38/92

2/6/93
2n193
2f3f93

TEF-UVI
ulmi92

116193

3/14/93

lm/93

1129193

1119)’93

l/2W93

l/2V93

3/23/93

v21193

I12U93

l/22/93

1122(93

1122193

1126193

U26/93

I126J93

l/27193

U27193

lf28/93

1128193
2flt93

TIT-mm
lf21J93

1126193
1126/93

U26i93

1127193

1127193

39@0
29#600

39,700
30,100
13JO0
woo

39#800

30#0

25#00

24#2uXl

19900

20#O0

16@0

14/600

14300

17900

17/400

12#oo

I%500

15,700

18#0

18JO0

18#00

16/400

15,100

11/500

12#oo

Ilsm

23,900

15#600

15200

15/500

14,100

lLOOO

42
●

35
●

●

●

32
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

b

●

●

●

●

●

●

●

●

32/300

9/490

9/510
9#940
6,180
6,110

9/450

10,100

9#40

11/400

9#830

9#80

8@0

7,760

7/660

9,760

9>m

6,730

6,790

8,730

lo#600

lo#500

9390

9350

8#30

6#90

7#20

6,160

7flm

9?060

Ww

8/040

8JO0

6/440

17#600

10,100

17#mo

11s0

3,160
2#920

16,900

ll#o

7#20

6,740

5#50

s#70

4#090

, 3#540

3/450

4/410

4370

2#970

2#950

3A20

4390

490

4/800

3,950

3#650

2#880

3,140

2#90

3,330

3J590

3,710

4,140

3/450

W30

l#330

L31O

1$310
l#080

410
374

l#890

1,100

904

874

641

655

530

386

380

470

442

319

309

407

541

572

597

4m

393

320

377

376

329

470

483

518

392

294

8*O

8,740

ll#300
7,740

3*O
%930

llAOO

7$350

6/440

5J320

4#390

3&o

2950

2#40

3/280

3,160

2A1O

Z790

2#620

Zno

3,180

Ulo

-O

l#40

1,%0

l#90

Wo

iyioo

2J60

Vlo

1,950

1,640

95/400
●

lqooo
●

●

●

123@o
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
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203 22 135
162 15 107

105 18 136
163 19 105
33 9.0 0.9
32 9.0 ND

267

130

344

lls

158

166

231

124

121

173

169

132

104

165

97

102

132

84

72

45

43

13

185

100

131

84

34

69

23

ND

27

19

15

17

59

48

47

36

35

64

45

38

8.4

9.1

23

9.5

11

24

21

7.3

w

7.6

10

11

8.8

8.9

168

106

323

29

30

32

22

18

19

27

27

18

18

28

ND

4.5

6.1

ND

ND

ND

ND

ND

27

4.7

4.9

6.1

ND

IUD
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Appendix A (Continued)

DateSampled TotalBTEX BTEX Benzene Toluene Ethylbenzene Total Xylenea TPH*

w % of TPH I’@ I@ p@L

TFF-uvol
1126193

IJ26193

1126193

l127t93

1127/93

3128193

2m’93

TFF-UV02
1126/93

u26/93

I126J93

l/27t93

2/27/93

I128B3

I12M3

TEF-UV03

1122193

l/26/93

IJ26193

IIW93

1127193

li27193

lnt93

li28f93

2f3J93

TFF-UV05
12r18t92

IJ6J93

IJ14.J93
lm/93

l/19/93

1129193

I120J93

IJ21J93

546

284

2JM0

447

l#820

621

1$80

183

635

11

15

25

12

817

17

285

98

633

5.6

37400

25300

18300

15,900

11,700

sfim

3@o

1,770

●

●

●

●

●

●

●

●

●

9

●

●

●

●

●

●

●

●

●

31
●

●

●

●

●

●

●

●

urn

1,990

3gm

2/s00

ZnO

3&o

823

320

168

1/030

283

1,100

384

1,160

107

374
2.6
8.1

14

7.6

424

10

169

56

358

20

8,730

8/500

7#890

7,960

6~90

3,110

lW

1,160

905

765

l#690

984

1$)90

928

l#40

351

119

62

511

101

426

146

483

44

143
2.5
3.0

5.0

2.6

204

4.0

62

20

145

1.2

15,700

9/210

5*O

4300

2#940

1/430

842
560

433

110

94

206

108

237

102

195

41

15

79

67

11

50

17

65

5A

14

0.6

0.6

0.7

ND

26

ND

7.0

3.0

19

ND

1/860

961

667

537

349

142

64

23

18

492

398

984

4%

660

473

857

185

92

46

438

52

241

74

2m

%

104

4s

Z9

4.9

2.0

164

3.0

47

19

111

2.4

ll#300

6,630

WO

3,110

2J)70

984

472
289
159

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

120JMo
●

●

●

●

●

●

●

●
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104

%

92

m

60

52

60

9.1

102

111

109

93

94

76

86

61

105

64

89

80

81

123

72

89

69

79

48

157

148

198

110

187

178

124

236

128

3.6

29

10

ND

ND

6.0

8.7

ND

20

LO
14

LS
10
7.0

18

0.6

8.0

ND

ND

ND

ND

6.1

ND

20

0.8

8.0

ND

7

ND

6.5

10

8.2

6.8

10

23

7.4

5.7

4.7

6.7

ND

ND

ND

11

10

17

8.0

9.0

6.0

7.0

3.0

23
6.5

10

5.5

3.4

13

4.0

800

4.0

5.0

1A

156

105

84

31

27

26

11

ND

ND
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Appendix A (Continued)

Date Sampled TotalBTEX BTEX Benzene Toluene Ethylbenzene Total Xylenes TPEP

I@ % of TPH v@ I@ pg/L

TFF-UV05 (Continued)
lJ21J93

l/2m3

W2f93

l126r93

V271’93

V27193

IJ28193

l/28/93

TEF’-EOO6-AQ

l123t’93

2n193

2f3r93

TFF-E1
l/6193

1126/93

VW’93

I126J93

1127193

lf27t93

TFF-EW-COND
3/19/93
lf2W93

TFF-BT-1961
IZ17192

WW92

12mJ92

lJ7/93

IIM.J93
ll19r93

I12W93

l/21f93
W?2193

590

81

162

3.8

0.7

ND

2.2

287

ND

32

13

239

ND

ND

0.9

20

20

3.3

ND

6.2

4.8

ND

ND

727
379

692

9.0

155

ND

1.6
8.8

154

10

14

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

9

●

●

28

2

10
●

●

●

●

●

●

360

52

98

0.8

ND

ND

0.6

149

ND

19

8.2

137

ND

ND

0.9

9.2

10

ND

ND

ND

ND

ND

IUD

128
56

115

1.0

25

ND

ND
2A

92

5A

7.4

338

16

34

1A

ND

ND

04

69

ND

7.0

2.8

54

ND

ND

ND

4.0

4.1

13

ND

0.7

ND

ND

ND

237

131

295

4.0

72

ND

0.6

1.8

34

1.6

1.6

11

19

43

ND

ND

ND

ND
8.5

ND

0.7

ND

7.0

ND

ND

ND

0.5

0.5

ND

ND

4.0

33

ND

ND

32

14

41

1.0

7.0

ND

1.0
1.0

1.1

ND

ND

81

11

s

16

0.7

ND

1.0

60

ND

5.0

1.7

41

ND

ND

ND

5A

5.1

ND

ND

1.5

13

ND

ND

330

178

241

3.0

51

ND

ND
3.6

27

33

5.1

●

●

●

●

●

●

●

●

●

●

●

9

9

●

●

●

●

●

●

●

●

●

●

●

●

518

l#560
●

●

●

●

●

●
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333
326
92
34
78
4s
44

Iw

44

72

66

70

25

ND

04

ND

ND

ND
ND

ND

ND

ND

ND

1A

1.5

7.0

3.0

43

ND

IUD
63

%

10

11

4m7

L4

23

ND

ND

ND

IUD

L7

ND

ND

ND

1.0

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
LO
ND

ND

ND

15

14

10

3.0

.6.5

1.9

12

2.0

4.0

3.5

4.0

ND
ND

ND

ND
ND
ND
ND
ND
ND

2.9
1.8

20
9.0

ND

ND

ND
5.7
6A

L9

32
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AppendixA (Continued)

Date Sampled TotalBTEX BTEX Benzene Toluene Ethylbenzene Total Xylenes TPIV
I@- %of TPH I@ P@ pg/L

TFF-BT-1962
ND ● ND ND ND ND ●

lmm 15 ● 3.0 33 19 6S ●

ln9r93 233 ● 119 51 1.7 41 ●

3.n9@3 m b 33 5.4 1.3 83 ●

l/W93 %0 ● LO 1.0 20 Lo ●

ND ● ND ND ND ND ●

ND ● ND ND ND ND ●

ND ● ND ND ND ND ●

● Indicatee analyais not performe~

ND Not detectedat or above limit of detection.

~otal PetroleumHydrocarbons(Window C6 to CU.
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~-DCA TCE EDB

P@ I@ P@

ND ND ND

ND ND 2.8

33 ND 9A

la ND 53

ND 0.9 4.0

ND IUD ND

ND ND ND

ND ND ND
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Appemdix B. Pm-DUSBaselineVaporData

Datesampled Test Ehpced T]me Total BTEX Bmuene Toluene ~)hllZQW Totalxykna 12-~ T= H3B
milt ppmv ppmv ppmv ppmv ppmv ppmv ppmv ppmv

ZTF-GSW-016
317192
W192

5 221 81 110 6& 24 ● ND*

360 464 92 236 26 110 ● ND*

ZTF-GEW-808
5 470 30 m6 23 156

59 15 u ND ND
. ND*
● ND*

‘lTF-GEw-816
61U92
W192
6/5/92

lW24J92

1WW92

lo124f92

lw24t92

10I24I92

Ww92

12121192
W21192
W23192

1UW92
11/21192
n121f92
1112V92

s
Z@

5
360
5

s

60

130

360

5

30
60
la

360
m

4425
566

I#lo

woo

030

3,970

Is.30

zm
561

521

3,940

2320

Lm
Z4a
655

-
%720
3,140
3,730

553
l#160

Lm
3.490

2?820
721

m
223

207

m
774

664
333
239

17

232

72

62

54

102

27

25

173

64

35
37
50

106
99
90
215

323
515

.

.
●

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

●

✎

✎

ND*
ND*
30@

ND*
ND*
ND*
ND*
ND*
ND*

. .
● .
● ●

● .
. .
● .
. .
. ●

307
799 237

597

856

256

231

w
553

zm
616

562
752
65
53
%2

729

753
814
92

’342
913
956

274
990 690

607
793

IJoo

mF-Hw-GP-002
WU92

W4192

W4J92

WW2

w4m2

5

8

30

34

60

5.2 ND Lo

18 ND 4.2

18 ND 42

15 m 3.6

15 ND 4.2

ND
1.5

1A

1.5

12

4.2

22

lz

9a

10

.

.

.

.

.

. ●

● ✎

✎ ✎

✎ ✎

✎ ✎

TFF-GIW-818
Wmz

Wmz

W4192

WU92

Wmz

w4/92

W4192

5

8

30

34

60

64

320

ND ND ND
1A ND ND

29 1.1 ND

1A ND ND

22 ND ND

3.6 ND ND

11 13 ND

ND
ND
ND
ND
ND
ND
12

ND
1A

14

1A

22

3.6

&9

. .

. .

. .
● ✎

.

.

.

.

.

.

.

. .

. .

. .

71’F-VESZ
lJ13f93

1113/93

v13/93

u13t93

5

30

60

lzo

39 3.6 62
36 25 6&

36 22 7.7

u 3.1 9.5

3.2

21

21

26

26
25
24
29

. ND*

. ND*

. ND=

. ND*

2TF-EO06
lJ1W93
u13t93

60

lzo
ND ND ND ND
ND ND ND ND

ND
ND

● ND*
. ND*

3-263



AppendixB. (Comtimned)

Date hnpled Test Uqmed Tii Totd B= Bmuem Tolnenc Ethyl~ Tofd Xykna L2-~ T= ~B
min ppmv ppmv ppmv ppmv ppmv ppmv ppmv ppmv

T’EF-CFO
2rw3 60 22 22 ND ND ND ND ND ND
3N93 90 3.3 33 ND ND ND ND ND ND

● Indimta andy$is not pafomed.

NIX Not dekted ●t or above Itiit of detr&On.
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AppendixC DUS1st PassAqueousData

Date Sampled Elapeed T.i.ie TotalBTEX BTEX Benzene Toluene Ethylbenz.ene TotalXylenes TPH*
Daye %of TPH P@@ P@

TFT-GST
2JW93
2f2W93

TFF-1006-AQ
3110193

TFF-SEPI
2#t93

2/3?93
2w93
2W93

25193
21W3
2J6193
216J93
2m93
2m’93
2tsi93
2fW93

MM33

219193

2no193

mw93

211V93

Zn193

2nz93

ZW93

2n3/93

2n3N3

2n@3

2rMB3

2n4J93

m5i93

2n!V93

m6f93

2JW93

m7193

m7193

2mV93

2ns193

m9193

2n9193

2t2W93

Z2W93

2121193

5.96
696

19.92

0.00
0.25

1.00
125
1.96
M9
2.96
329
396
4.29
496
5.23

596

6B

6.96

729

7.96

829

896

9.29

9.96

10s

10.79

lo.%
12.29

11.%

1%%

13.29

13.%

14.29

14.%
15.29

15.%
16.33

16.92
17.30
17.92

sgm
23#m
20/300

22/400

ll#300
ll#oo
lo#oo
9,9s0

18#00
19#m
33$00
23#xl

33#oo

33#m
27#oo

26,1m

23,1m

27,700

18#oo

48,1m
Is,lm

2s4m

23,1m
25,1m

WOO

16@0
13$m

15,1m

9/460

IWO

4,920

33fioo

19,1m

27#J0

29J300

2s)300

31#oo

29
79
23

22

61
4s
64
52
60
45
63
51
45
51
45
33

46

4s

44

51

47

49

40

50

33

36

41

3s

32

65

23

32

27

31

21

24

46

34

40

36

47

46

945
4#o

903

5D0
5/s20

4#870
4,720
5/020
4#s30

4$20
4,700
5=
5/440
6,1S0
5#30

6,1S0

5,990

%720

4A1O

3#90

4#050

3#lo

7,190

%930

3/170

Vlo

%720

l#480

I#310
977

792

3-

3#3so

6~0

6,600

6-

6,730

3-265

l#460

14,700
Mm

3-

%900
3,110
3/070
z6m

3#50
3,730

3,950
3,920
6/420
7#40

1L600

ll#oo

9#300

8,760

7#3m
9,170

5,720

17#200
5,110

6-

8,1m

7#630
7#340

9910

4,190
3?680

3,940

%360

la?o

llao

6,710
11,600

ll#500
Ulm

194
884
840

967

365
422
402
36s

4B5

502
553
4%
839
909
%350

V70

1$)20

l#oo

l#340

3#610
l#3so

1730

2J1O
%130

3330

lsm
1,110

1*
6s6

596

309

2/s30

1,190
l#o

l@o

l#50
l,7m

2#70
3#500
13#o

7-

%780
2/450
2J590

32m
3340
3#620
3fim
6#0
6X

13#lo

13#lo

13#m
n,lrn

lLOOO

lom

Wm

8#1

m,lm

8#40

lo#oo

14,7m

n,lm

m~m

8,730

7,130

83m

4#oo

4#o

15,7m
7J330

s#60

9/350

9330

lobm

18#0
29#oo
89,1m

57,1m

ls#oo
Mm
16#00
19#200
n,lm
w#$oo
20#oo
25=
4L600
39#200
7%.600
n~
73#oo

69#oo

61,1m

3L600

49-

36#4m

47#oo

95#oo

WOO
6vm

69#300

66*
79#200

WOO

69#oo

36#300

30/200
39X

20,1m

71#oo
56j900
69Am

83#oo
61#00
66,7W



17
34
37

19

111
223
101
89

10I
98

106
222
102
103
92
74

77
n

n
m

72

68

76

108
52
74

37

55
30

38

30
38

22

w
24

ND
72
34

107

no
101
110

ND
17

ND

6.8

47
35
38
48
44
40
43
30
43
45
33
31

31
30

30

28

28

22

27

ND
15

16

15

19
10

13

1s
23

12
16
15

15
17
18
18

19

17
18

ND
ND
17

16

16
16
14
14
19
18
18
25
28
39
45
25
30
32

21

19

13

15

14
36

ND

24
30

36

38

47

ND
ND

ND

ND
ND

ND
22
15

11

34
34
39
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Appendix C (Continued)

Date Sampled Elapaed Tiie Total BTEx BTEX Benzene Toluene Ethylbaxuene Total Xylanaa TPH”
Daya %Ofm @w w

TFF-SEPI (Continued)
212V93

2/24./93

224.(93

Z2!W3

21W93

227193
2128193
3/u93

3/2(93

3J3193
3i4193

3N93
3Mt93

317193

3mf93

31!W93

3/lon3

3nlJ93

3/W93
3n3i93

3/W93

31M93

4/20/93

TFF-SEPE
Z3B3
ZW’93
2J4t93

ZTF-ZZVI
Z3193
2J3193
214193
21M3
215193
21W93
216i93
2W93
2171’93
2r7t93
2W93

18.46

18.92

19.33

19.92

m.92

21A3

21.92

2292

23.92
24.92
25.92

26.92

27.92
28.92

29.92
30.92
31.92

3292

33.92
34.92
35.23

35.92

36.92
37.92

38.92

5L04
51.08

76.22

0.00
0s
100

00)
0s5
MO
125
1.96
229
296
3.29
3.96
4.29
4.%

19#oo

26#oo

24-

26*
26#oo

25X

27,100

17/400

34s00
26#oo
23/400

w,7m

m#oo
20,7m

23#oo

17#oo
15#oo

24m

26#900
15#500

13#oo

13m

28#o
41/mo

25#300

39,100
34#lo

46~00

9s70
10,700
9#530

9JJ1O

lo#8m
9370
9#380

10/600
11,100
ll#800
11,100
17#ooo
16,700
29#200

47

66

44
46

44

41

41
27

36

35
34
35

34

34
30

28
27

19

24

29
21
21

18
214
24

22
●

●

46

56
40
52

59
●

59
47
55
67
!M
54
47
52
48

6J$10

5-

5,170
5?230

4/630

4,730

L670

3s60

5220
4,790

4,720

4,190

4#90
3,900

4#360

l#430

L510

1,660
lmo

985

lJ80

6,980

3#80

8,750
7,760

10,100

4#330
5#240
4?370

4,930
5W
4#370
4/380
4/440
4/480
4#540
4A1O
4JI1O
4#820
5,710

3-267

7,720

lo#200

9s

9,720

9#180

8,970

9,600

4#820

7,7W

ll#)o
9#90

8#0

8,790

6,950
6/810

7#o

5$180
4#040

5,940

7,770

3,760
3#io

3Am

7#o
14,700

8/020

14,600

17#oo

%210
%740
2$50

%790
-m

3#tno
3,180
3?460
3#220
5,670
5,770
10?00

1,140

1/410

l~m

vrn
l~m

1)$80

1)350

1360

1s10

V50
1#680

lf450
1320

lW
l#290

l~m

1,190
l,lW

2#390

lm

978

l#Mo

urn
am

l~m

2&o

urn

64
311
272

168
336
294
188
222
222
360
239
546
419

1.580

6j8m

8,750

8@0

9#o
9#o

9#900

lo@o

92m

9fim

15/400
loflm

9JM0

8#5m
8,7Z)

10,700
8360
8~10

15,100

15#oo
9/490

7#o

7sm

16#0
16j9W

ll#900

13#400
1L800

15#oo

urn
U60

2#o
U90

urn
2#o
3230
3#490
3*
5950
5#o
1L600

40/300

56,700

57#o
59,1m

61/800

WOO

63*

98@o
77#oo
66#600

81#00

61@0
68#oo

85*

63#oo
80#m

l@mo

73#oo

6-

n-
23#0

172#oo

116#00
●

●

lmx

17,1m

18300

16,7W
●

16#0
m,lm
19300
16#0
21X
m,7m
36poo
32300
60#600



v-DCA EDB

I@ z P@

45
56

59

61
56

43

so
33

54
63
65

63

62

62
47

50

20
19

19
10
14

22
92

26

122
56

10

ND
27

112
U2
103

91
103
33
39

119
99

106
%

103
78
93

17
19

16

m
17

17

17

4.1

19
16
23

26

23

29
26

24
16
&7

11
10
5.5
7.0

11
7.5

3.5

14

ND

ND
7.0

42
49
49

43
47
46
44
51
37
42
36
45
32
32

ND

11
17

22
18

18

19
19

23

27
30

23
63

23
18

16

ND
15

ND

ND
ND

16

20

30

21

ND

15
15
15

12
15
13
13
20
20
19
19
29
29
44
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Appendix C (Continued)

DateSanpled Elqeed The Total BTEX BTEX Benzene Toluene EthylbenzeneTotalXylenee TPH*
Dap w %ofTPH Y@@

TEF-UVI(Continued)
218J93
2W93

29193
2W93
mlW3

21W93

m2193

2n2J93

mm

253/93

2mv93

2rMt93
2ml193

m4t93
m5/93
mW93

ZW93

ZW93
m7f93

2/27/93

2m/93
2n8/93

2n9193

2r39193
Z20m3

212V93

2f22f93

n4/93

2124193

2J25193
2t26193

2J27193
2128193
31U93

3iz93
3t3193
314193

3/5m3

W193
3t7193
3/w93

3/9/93

5.25
5.96

6.29
696
7.29

7.96

829

8.96

929

9.96

10.29

10.79
lo.%

1129
lL%

1229
12%

13.29
13.%
14.29

14.%
15.29

15.%

16.33
16.92

17.50

17.92

18.46

18.92

1933
19.92
20.33
20.92

21.33

21.92
2292

23.92

24.92
25.92
26.92
27.92
28.92

29.92

30.92

31.92
3292

33.92

2%200
33*

w#o
ZMoO

21/3a)
25,100

18/200
46,100

33#oo

29JUX)

30#200

26$)00
27/400
17/4al
16#00

14#600
lo#600
8#040

4#60

17#400
24#00

26,100

26#oo

26#oo

17/400

23#400

19,700

23/200

22/400

Z$900

17#lo
20*

28#600

21#200

m#)o
19#200
17,7m

18W

19#oo

12#mo
17#1

33200

53
48

55
56
45

41

42

41
52

35

44
40

41

38
36

31
30

●

.

●

●

.

●

●

●

●

●

●

●

●

.
●

.

.

●

●

.

●

.

.

●

.

.

●

●

.

.

5,970

5,720

6/030

3,700

3,730

3,700

3#360

7,110

3#060

4,000

V20

2@o

mo

922

700

342

3@o

5,140

5,720

5*

5,900

3,660

5340

4@J

4,M0

4,620

4@o

4#350

IJ120

3#560

4#570

4#230

4#120

3,no

3,610

3S00

4,180

1210
1,100

2220

3-269

15-
10s

94m
6#00

6,720

8/360

5/520
17#oo

6,190

10,700
8,790

9f490
7,740

7#Jo

4?5m
4,110

3>10
1#10

WOO

7m

6460

9/460
lo#200

lo#200

10,300

5,990

8#60

6#50

8Jm
7,7m
7,900

8/460

4,9m
6#30

9330

7,760
7-
6#m

6-
5,7m

5,710

5#440

3/400
4~40

lo#oo

urn
1s0

l#800
la
232

679

1/400

982

l#650

Uso

urn
vm

%100
U60

l#350

1J30

945
279

203
8.7

1/060

829

964

lZ

1,180

l#220

392

811

300

lm
6m

l#olo

l,lm

800

lflm

1s50
986
942

905

803
716

606

lxm
7n

l#350

&740

18L900
ll#oo

xvloo
11,700
lo#o

lo#o

ll#im

8370

19#oo

11*

16s
15Jmo

15/tal
13#al

I!$300
9970

9,760

8#40
7#o

5#640

3fim

7~m

9*
8#0

9390

9#lo

7#oo

8J330

7910

9,130
9S
9=

9$30

9,730
S$m

9fim

8,980

9#80

8S80
7,760

7/660

10X

6,780
10,700

17,7al

81#m

60/400

60#oo
48,700
45s)0

52#oo

59#400

Wm
88j300

63-

77#oo

74/400

68,700
75200

56-
54/400

●

.

.

●

●

●

●

.

●

.

●

.

●

●

●

.

.

.

●

.

●

●

●

●

●

●

●

●

.

.



76
75

75

69

60

61

65
72

100
53

68
61

55

39
51

18

w
14
w

ND

ND
61

47

97
108

103

89

40

49

54
51
52

48
49

30

52
59

61

68

61

63
44
46

19

11
15
19

32
32

29

B

24

24

19

26
ND
11

10

13
13

ND

12

ND

ND
11
10

12
13

16

20
18

17

15

13
5.3

14

14
14

14
14

5.5
16

13

19

n

20

24
20
23
11
5.9
8.0

S.O

50
31

39

26

15

14
18

14

36
ND

33
41

52

31
32

ND

10

ND
ND

ND

ND
19

ND

27
34

34

31

ND

ND

18

18
18

18
19

23
25

25

28
18

27

27
17
15

ND

ND
ND
14
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Appendix C (Continued)

Date Sampled Elapeed Tkte TotalBTEX BTEX Benzene Tolnene Ethylbenzene Total Xylenee TPH*
Daye %of TPIi P@@

7TF-UVI(Continued)
3nw93
3mY93

3nv93

3n2193

3n4i93
3126193
3/26/93

412W93

7TF-UVO1
W3193
mi93
214t93

2/5t93

216193
W7193

218J93

21W93

TFF-UV02
W3193

2J3193
2493

213r93

216193
217193

2/8/93

2&w3

3nw93

TFF-UV03
2f3t93
21W93

Z4193
215t93

216193
2nf93

2m’93

2W93

TFZ=UV05
2f3193
2/3/93
2/4/93

34.92

35.92

36.92

37.92

38.92

SW
5L08

76.21

O.m
025

MO

1.96

296
3.96
496

596

Om

025
1.00

1.96

296
3.96

496

5.96

35.21

Om

025
1.00

196

296
3.96

4.96
5.%

Om
025
l.m

11/000

15s)0

19/400

36#2w

26$xlo

34ss00
30#300

35,700

&no
3=

%740

3X

5,990
990

mm
25/loo

668
825

1,750

Z470
6J160

14X

nm

7,600

124
571
338

622
623

4370

lom

19#200

19
174
49

●

●

●

●

●

●

✎

●

●

lm
88

89

95

110
40

72

40

●

118
102
255

111
74
61

38
●

210
275
109

212
99
64

47

45

43
191
54

l#40

907

l#310

5$)40

3#230

7/860
6,910

8-

1,460
1,680

L320

1,470

2370
2720

4S

4,690

661

360
408
768

l#lo
1,760
%740

4#050

5%

74

309

172
286

286
1240
1,950

3,no

11
97
24

3/430

Z910

3,900

5,1m

8~60

11,100

13,700

615
8n

734

957

1,760
3,180
7#420

9JM0

274

164
214
489

733

2050

5$)80

7,6m

2J150

27

141
88

173

174
1,440

3Am

7#ooo

3.9
43
13

826

582

1,110

l@o

2J90

l#o

L960
l#720

1)390

60
lm
89
79

200
385

1,120
l#530

w

m
26
44

86

240
776

1290
440

%0

17
11

15
15

177

565

l,lm

0.3
4.2
1.7

7@o

6/560

9*

ll#500

16-

13Joo

Izloo
lo#800

ll#5tm

577
622

600

789

1460
3po
8A

10*

2n

124
177
446

637

2$)10

5,750

8/240

4/310

21

104
67

148

148
1/410

4,140
7360

3.5
30
10

●

●

✎

✎

●

●

●

●

●

3/640

3m

3/490

5460
23s800
28J3UI

●

564
806
685

8=

23AO0

55s
●

59

208

311
294

632
6,700

21,700

43X

44
91
!n
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L2-DCA EDB
z

22
16

23

22
117

30

14
ND

w

103
107

92

94
87
80

82

83

94

73
83

62

83

76

80
80
15

63

77

62

39

39
79

80
79

33
m
37

7.1
9.4

63

9.1
9.9

9.1

ND

ND

ND

22
24

23

22
22
26

23

19

17
10
14

23

23

17
16
16

6.9

3.0
6.6

4.8

5.0

5.2

19

14
14

0.9
1.0
0.4

ND
15

ND

15
33

23

ND
ND

ND

14
15

13

15

16
23

45
36

13
8.6
10

9.0

16

23

39
34
14

4.6
8.0

5.8

7.0

7.3

27
42
35

3.7
5.3
23
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AppendixC (Continued)

Date Sampled Elapaed Time Total BTEX BTBX Benzene Tolnene Ethylbenzexie Total Xylenea TPH”
Daya % of TPH WI@

7’FF-UV05(Continued)
2W93
2m93
Z3193
2w93
z6/93
217i93
2J71’93
2f8m3
2/8/93

21W3
2JW3

2noJ93

zmi93
2nlJ93

2W93
mu93
2U193

2n3m3

21W93

mu93

225/93

zW93
m6/93

m6193

2127193

2/17i93

22W3
2/28/93

2t19193
2119193

Z2W93

2t2W93
2J2V93

2nu93

2122193
2/23i93

2f23f93
2t24193
2J24193
2125193
Z26193
227193

2128193

3nJ93
3nf93

1.25
196
2.29
296
329
396
4=
4.96
5.25

s.%
629

6.96

729
796
8.29
8.96
9s

996

10.29

lo.%
11.m

11.%

1229
12%

13.29
13.%

14.29

14.%

ls.m
15.%
16.33

16.92

17.50

17.92

18.46

18.92
19.33
19.92

20.33
20.92
21.33
n.92

2292
23.92

24992
25.92
26.92

51
267

%770
705
499

%7X)

6,970
15$)00

17$)00
19@o

lsm

915
8,220

lo#800
7,110

22,700

ll@o

m,700

22#oo
m#200

mm
%700
12/4oo

9,740

5#40

683
17,1(N)

ll#?oll
S/loo

8,770

9350

lo#600

9/460

11*

lVMO
153)0

14#mo
16-
16-
11$00
14X

25,700

19/400
17,100
17,100

59
148
195
137
252
79
30
n
56

44
41

37

5
39

39
37
41

34

36

34
35

29

28
30
.

.

●

.

●

.

.

●

.

●

.

.

.

●

.

.

.

●

●

●

●

.

.

25
226
I#mo
293
221
781
374

lJno

3,380
3#50

3/040

173
1s20
1,760

1A60
3#640

Vlo

~m

1,180
l,lW
862

4m

294

85
1,770

q70

%110

%lm
2#70

3-O

3,080
3#280
3,160

4?080

3,600

3#350
3,110

3-273

13

74
747
199
140
916
460

%.430
5?040

6-
7/090

s$m

314
%630

3,720

8,140

3,1m

6~90

6*

5/880

5,700

3?80

3,1m

%480

IJ40

m

119

5,600

4=

%730

3,650

3/800

4@o

3~m

4&o

4360

5,700

5,180

6450

6,1m
3,490

4,910

8,630

6,700

5,910
5,640

1.3
6.7
275
25
23

122
49
393

1,140

lJMO
1,110
7!B

34
347

627
409

1/460

867

1,700

1J300
VsO

l#880

1$)30
935

nl

182

143

22
lfim
583

223

372

382
450

243

355

287
725

4W
797
847

599
744

l~m

943

827
823

22
60

652
188
133
912
417

urn
6#.9m

6-

7s)0
6~60

394
3hm
4,730

3flm
8~

5*

10X

10*
10,700

11*

7flm

7#230

5490

3=

1,740

457

8*
4310
908

3#280

3-

3@o

4,310
5*

5/500
6>20
6J30
6/590

6$)10

ll#500

s,lm
7xm

7-

86
182

2?424
515
198
3~m
4s0
9,780

26*

38/loo

48m
41X

19?600
mm
27X

19,1W
5Qlm

3L900

57#mo

61/400
57X

45#300
41@lo

.

●

●

●

●

.

.

●

●

.

.

●

.

.

.

●

●

.

●

.

●

.

.



50
53
59
76
62
93
53
76
63
55

94

72

65

74

65
76

114

57

72

33
31

46

23

23

ND

27

23

ND

39

45
59

104
lao
95

41

52

35
49

57

47
50
34

52
60

61
66

37

0.5
2.5
16
5.2
29
14
7.0
23
22
18

22

18

14

15

11

13
7.7

9.9

10

13
5.7

23

9.1
6.5

9.3

lz
11
8.9

9.0
9.1

9.2

9.5

9.0

10

11

12
11
3.9

lz
22

16
17
16

3.7
6.3
15
11
10
23
21
41
36
35

47

29

23
24

23

21
39

18

39

50
31

39

ND
10

ND

ND
ND

ND

12

ND
33

29
30
27

ND

11

19

18

18

18
19
21

23
26

28
30
27
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Appendix C (Continued)

Date Sampled Ehpeed Time Total BTEX BTEX Benzene Toluene Ethylbauene TotalXylenee TPH*
Daye %of TPH I@@ w

TE-UV05 (Continued)
3f3i93

314N3

3/3/93

316f93
3/7/93

3f3m3

W9B3
3rW93
3nW93

3nl193
3/W93

3/23/93

3/W93

3/26/93
3f26m3

412W93
4121193

TFF-EO06-AQ
2W93
2J3193
2J4t93
214t93
213t93
2/3r93
2JtW3
2J6193
2m93
2m93
2W93
24’9193
2J9193

2m/93
2/20/93
2/22/93
mv93
2f12f93
2mr93
2/23/93
2f13f93
2rW93
2n4193
2f15i93
2r15193
2fW93
m6193
m7193
2n7f93

27.92

23.92

29s2

30.92

31.92

3292

33.%
34.92

3s.92
36.92

37.92

33.92

51.04
Slm
76.22
77.23

OQO
025
1s0
1.25
196
229
296
3.29
3.96
429
4.96
5.96
629
6.96
7m
7.96
829
896
9.29
9.96

10.29
lo.%
11=
11.%
1229
12%
13.29
13.%
14.29

15$300

23?600
13@o

Iq3tm
9#l190

woo

23#200
11,100
6=

11,100

l!woo

25/ioo

Wloo
23s)0
23,100
26#

ND
o&
03
0.6
21
83
4.5
22
21
3.6
23
54
n
56
20
14
12
11
19
17
14
22
15
45
13
13
7.9
8.7
63

●

●

●

●

●

✎

●

●

●

●

●

●

●

●

✎

●

●

o
3
3
0

15
22
7

10
7
4
8

14
16
18
9
5
5
5
4
4
3
2
2
2
7
2
4
3
5

%790

%700

3s0

1950

932

779

l)no

722

432

725

940

4J)60

6&0

5=

6,920

5-

ND
OA
03

03

0.5
3.1
12
0.7
3.1
0.6
u
8A
12
94
26
1.7
1.0
13
13
13
1.2
1.6
1.1
13
0.7
0.7
0.4
OA
03

3-275

4,900
~m

42m

4#530

%320

3,130

9#030

Lno

%770
3,920

lo#200

7#030

9,630
8,no

10,900

10?3OO

ND
ND
ND
03
0.6
23
1.3
0.7
5.5
1.0
5.7
m
26
m
6.4
4.0
3.7
2.9
6.5
3.3
33
4.0
3.0
6.1
23
24
1.1
1.4
1.2

n9

623

499

895

560

lfllo

U60

333
349

309

1,160

1/320

l$m

1460

l#320
l#490
l#500

ND

ND

ND

ND

ND

03

0.2

ND

1.5

0.2

1.7
3.4
4.1
27
0.5
0.7
0.7
0.6
1.2
1.1
1.1
20
1.4
5.0
L2
1.0
3.6
0.4
03

6-

5*

5310

8~60

5$M0

7/760

14$100
6$39

3W
6~10
8#940

11,100
8j330
8,120
8,730

t%!lrn

ND
ND
ND
ND
0.7

29
1.3
03
11
1.5
13
22
29
24
10
7.4
6.9
63
10
11
8.4
14
9.4
33
83
8.3
23
6.5
4.5

.
●

●

●

✎

●

●

●

●

●

✎

●

●

✎

✎

●

✎

ND
16
22

ND
14
40
66
n

296
35

231
390
437
322
232
267
239
242
434
477
444
945
867

174
739
211
337
131



39

47

43

18
16

23

19
11

15

32
19

114

52

32
ND

29

14

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

20

17

18

9.0

6.3

6.0

5.4

6.1

ND
6.3

3.3

7.7

ND
ND

ND

6.0

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

24

18

15

ND

ND
ND

1s

ND

14
ND
18

32

23

ND
ND

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
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Appendix C (Continued)

Date Sampled Elapeed llme Total BTEX BTEX Benzene Toluene Ethylbexuene Total Xylenee TPH*
Daye %Of ’nw P@’ P@-

TFF-EO06-AQ (Continued)
2/w93
2mi93
2m193

2124193

2f2w93
2n7193

31V93
3W93
3/3/93
3J4193
W5193
316A33
3/7i93
3iW3
3#t93

3mW93
3nw93
3nli93
3n2f93
3/23/93
3n4193
312W93
4/20/93

TFF-BT-1961
mo193
2J2W93
212V93

TFF-BT-1962
2t19193
m9193
2nw93
mm

14.%
15.s
15.%
1933

20.92

2L92
2292
23.92
24.92
23.92
26.92
27.92
28.92
29.92
30.92
3L92
3292
33.92
34.92
33.21
35.92
36.92
37.92
38.92
5L08
76.22
77.25

16.92
17.04
17.92

16S4
16S8
17s
18.46

3.7
25
3.6
8.7
5s
27
29
3.6
28
5.2
5.0
1s
u
L8
lB
L8
3.7
4m
3A
19
4.6
4.9
5.2
6.8
29
10
62
35
5A

668
84
30

410
146
61
4.0

5
8
4
●

●

●

●

●

.
●

●

●

●

●

●

●

.

.
●

●

●

●

●

●

●

.
●

●

●

●

●

●

●

.

.

.

0.2
0.6
OA
0.9
0.6
OA
OA
03
OA
0.6
0.6
OA
0s
0.4
0.4
OA
0.6
OA
03
0s
0.3
03

03
13
0s
1.7
83
OA

160
19
63

122
33
13
0.6

0s
7.1
1.1
33
22
0.8
0.9
0.7
0.7
1.1
1.1
0.6
0.8
0.6
0.6
0.6
1.0
0.7
0.5
23
0.9
0.9
0.8
Lo
11
2.4
13
23
2.1

277
33
13

194
68
24
1.0

ND
Lo
0.2
0.3
03
0.2
0.2
0.3
0.2
0.4
0.4
0.2
0.2
0.2
0.2
0.2
03
03
03
1.4
0.3
0.3
0.3
0.6
12
0.7
03
L4
03

24
1.7
0.7

18
63
13
03

3.0
16
L9
4.2
24
2.3
1.4
23
1s
3.1
29
0.6
0.8
0.6
0.6
0.6
1s
26
23
15
3.1
3A
3.9
4.9
15
6.4
24
12
26

207
28
10

87
37
23
21

80
297
95
.
9

●

●

.

●

●

●

●

●

.

●

●

.

.

.

●

●

●

●

●

.

.

●

●

●

●

●

●

.

●

.

.

● Indicatee analyeia not performed.

ND Not detected at or above limit of detection.

●Total Pehuleum Hydrocarbon (Wndow C6 to C12).
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@DCA EDB
P@ z @J-

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

11
2.6
12

6.6
2s
1.6
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

21
1.2
1.0

1.4
0.9
1.0

ND
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Appendix D. DUS IA PasaVapor Data

DateSa@ed E@ed Time ToM BTEX Benzene Toluene EthylbemzneTotalXylenu lMICA TCE EDB
ppmv ppmv pplnv ppmv ppmv ppmv ppmv ppmv

7’FF-1006-V’PR
2Wm
mw93
2tW93
2tM193
2n!v93
2n&’93
2nw93
2tW93
Z12W93
2)2V93

3nw93

TFF-VESI

2/3/93
214t93
2W93
2W93

2/3/93
2W93
mm

Zw93
2!Y!93
2not93
2nw93
2n4t93
2rl!v93
zW’93
2nW93
212W93
ZW93
3no/93

TFF-GIW-816

2n5/93
2nw93

TFF-GSW-016
2n!Y93

2JW93

7TF-GEW-808
XKV93

2nu93

lm

8S4

9.23
11J)4
12.08
14J8
1433
lW4
17M
lW8
3329
35.13

0.04
025
0.50
la
125
150
2.04
3.23
4m4
5.10
531
5.46
6J5
638
7.10
729

1144
Y2.08
14.04
1W4
17m
18.08
35.13

2.08
32.04
33.17

22.08
Y3.17

IM8
23.17

475
306
lm

2450
95s
999
392
108
82
622
762

461
257
5M
ND
m
432
273
232
170
3n
!W3
340

302
292
2Y3

1,940
IsO
946
293
93
97

%7

4s
1?560
l#540

60
119

164
422

95
16
9A
ml
169
85
m
64
4.9
3.0
37
49

87
63
138
ND
n
a
26
18
15
41
46
22
19
58
14
16

307
102
83
4a
3.0
4.8
64

49
118
117

ND
ND

1.5

22

ml
76
38
666
830
324
337
322
23
23

235
299

169
118

240

ND

146

145

90

78

31

145

182

108

84

100

89

66

981

579

308

84

12

22

388

178

6n
640

8.2
31

31

110
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20
16
9

183
158
76
76
15
4A
2a
54
59

16
22
24

ND
17
20
13
12
82
22
35
22
19
15
18
13

106
110
75
11
3.8
4.1
82

25
224
134

ND
6.4

8.9
26

178
197
125

1,140
897
480
488
191
76
63

295
356

189
221
184
ND
147
185
145
224
116
170
246
188
163
m
lm
118

545

598

480

147

74

@

434

202

644

644

52

81

Y23

254

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND

ND

ND

ND
ND



AppendixD. (Continued)

Date %mpkd Eloped Time Total BTEX Benzene Toluene Ethylbenzene Total Xylenee ~-DCA TCE EDB
Daye pprnv pplnv pplnv ppluv ppmv ppmv ppmv ppmv

TFF-CFZ

3nof93
3tW93

043
023

3629
3325
37.10

ND
ND
ND
4A
4a

ND
ND
ND
ND
ND

ND
ND
ND
ND
1.1

ND
ND
ND
ND
ND

ND
ND
ND
4A
3.7

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TFF-CFO

3MW93
3tW93

003
023
3629
3323
37.10

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

TFF-EO06-VPR

Mm
Wt!n

2t7t93

mm
znu93

Z’W93

3MW93

0.04
023
0.30
lm
2.00
3.33

4a4

%46

6.13

1144

13.oe

3329

3s.13

1.3

ND

ND

ND

1s

ND

ND

ND

ND

ND

ND

ND

ND

95

ND

61

7.0

ND
ND
ND
ND
ND
ND
ND
ND
ND
43

ND
33
34

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
33

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND

ND
ND

137

ND

99

32

ND

ND

NIX Not detected at or above limit of detection.
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Appendix IL DUS 2nd Pass Aqueous Data

DateSampled Elapsed lime TotalBTEX BTEX Benzene Tolnene Ethylbenzene Total Xyleneo ~HD

Day, w %Ofm I@ w

TFF-MEGA-AQ
5f28i93
5129t93
5/30/93
5/31.193
6nJ93
6f2J93
6W93
614193
6t5193

617J93
6/8t93
619t93

6noi93
6/23/93
61W93
6113193
6/W93
6n5t93
6/16/93
6n7B3
6n8r93
umB3
6/22/93
6123f93
6123r93
6/27/93
6@3t93
6130193
71Z93
714J93
715193
7/7193
719193

TFZ=SEPI
5t28f93
5129r93
5/30/93
5/31f93
6nJ93
6J2193
613193
614/93
6.%/93
616J93
617193
6W93
6/9/93

6nW93
6/llf93

529
604

7Jn

8.08

925

10.23

1138

ll&3

13&3

14a8

2348

1648

17.88

18n8

19.88

m.m

22.88

2296

23a8

24a8

25.88

27.88

28S8

XU18

32B8

34.88

35S8

37.88

39A8

41J38

42.88

44A8

%.88

5s

6.04

7a4

8.08

925

10.13

1138

11.88

22.88

13s8

14.88

15.88

16~

17S8

18S8

37#J3m
40/Mm
S%ltm
31#500

4%100
41#loo
4-
36+)00
34,700
31#600
29#olM
29,900
3L200
33J300
36@0
33,700
37#400
3%100
39#ooo
35,100
37,7(X)
33#300
28#200
4%200
4%900
36,900
35,700
3-
31/400
40,11m
37J)O0
33,900
28#300

32@o
27*
@500

ls?oo
16,900
13,100
13/500
11,700
11200
9,110
13,700
15300
15,700
15/800

27
27
34
23
30
29
30
29
30
24
29
28
41
41
39
38
35
38
33
41
40
45
40
35
44
44
41
39
39
40
43
40
38
36

43
49
47
41
38
47
40
41
35
36
37
38
39
46
44

6*
5,900
6,740
3#340
9#lloo
3,720
3a
3#060
1,9$0
l#630
1*
l#360
l#680
1,950
2J90
Z070
%760
3/550
3,100
3/400
3#090
3#420
U70
l,WO
4J390
4,920
3#680
3#s60

2950
4s
4A
3#080
2J90

6J)90
5#080
4,230
4J)O0
Zno

2?140
%140
1,820
1/800
L590
urn

3,150
3*

16-
17,100
22,700

14$ioo
14,900
14=
Woo
10*
9m
8*
7#480
8,230
8,780
10,100
ll#400
Z600
15X
23,100
13#300
11,900

8/330
14/400
14#800

12Joo
10/300
9910
14$)00
13?soo

9#430

9,750
7#800
7*
5,160
7/460
4#250
4#230
3,690
3,600
3@
4,750
5s
5,690
5s

1#30

3?020
2$)70
%750
3#0
3?080
3,160

3/030
3#540
%980
%950
%610

%720

3#330
3gtO0
%920

~610
3po
%740
%720

%250

l@o
1640
l#llo
L070
L020
1,050
918
815
641
933

l#mo

961

23,100
15#mo
mm
13*
18-
m-
mxm
22#200
m=
m,700
19/400
17#800
17,700
18JtO0
18/800
19,600
15*
15,1W
Wloo
19/300
17/500
18@0
17JK)0
15,100
19,600
19,900
17,700
17#200
15X
16$)00
18-
16*
15/800
14*

lo/loo
9@o
9350
6~90
5$)10
5#670
6460
5=
4,980
3$60
5Am
SW)
5,900
5,7m

142AO0
lszooo
154P
136$X)0
152-
145#lloo
139JIO0
141JIO0
1-
142$)00
llo@o
lo2#oOo

76@0
85,700
93,700
%,WO

97#

87-
84#7w
8-
8Q800
96/000
97/400
89-
9(I*
79,900
79/400
93j900
9-
89/400
78/300

76,7W
56,100
47,700
54,71xl
40#300
35W
33W
33*
33,700
30/800
24X
36/400
38,900
34X
36-
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Is-xlch EDB !hum@e””

RWL % IkiWely

188
133
110
80
30
37
22

ND
m
ND
ND
m
m)
ND
ND
ND
24
40
32

ND
ND
ND
ND
m
30
48
23
23

ND
ND
w

ND
m)
ND

ND
ND
ND
ND
ND
m
ND
ND
m
ND
ND
ND
ND
ND
ND

ND
ND
13
7.8
11
11

ND
ND
7.3
ND
ND
ND
ND
ND
ND
ND
18
19
16
17
14
16

ND
ND
ND
m
ND
ND
ND
ND
ND
ND
ND
ND

62
60
56
42
43
43
24
23
42
28
39
20
20
21
23

44
43
43
37
39
36
26
24
17
8.8
6.0
6.7
17
11

ND
w
28
33
29

ND
ND
ND
ND
ND
37
37

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

92
86
86
92

128
130
122
134
60

102
93
m
92
92
82
82
83
102
99

122
110
110

●

●

&
123
124
84
90
m
86
84
80

86
92
76
m
83
w
98
93
84
72
72

●

m
90
90
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Appendix E (Continued)

DateSampled Elapead Time Total BTEX BTEX Benzene Toluene Ethylbanzane Total Xylanaa TPH*
Daya %of TPH P@-

ITF-SEPZ (Continued)
6rW93
6n3f93
6n4t93
6i13193
6n3/93
6n6193
6n7A33
6/28/93
6n9193
6/20/93
U2V33
6J21J93
6i22t93
6/2293
U2W93
6124193
612W3
6126t93
61W193
612W93
6iw193
6J30t93
7n193
7/2/93
713i93
71493
71W3
7W93

7/8/93
719/93

7n2i93
7na93
7n9n3
712V93
7129193
8/3/93
lu5/93

9n3t93

TFF-uvz
3123/93

5i28A33

51W193

513W93

5/32/93

6nf93
612f93

613i93

614193

613193

61U93

19.88
m.m
22.88

B.08
23s8
24s
23s8
26M
27.88
=.88
2923
2!M8
30.2s
3U8
32.88
32.88
33JM
34.88
35.88
36.88
37&
38.88
39m
4UW
41.88
42.88
43.88
Ua
43.88
%M
50.08
54.04
57.25
60.21
67.08
72.08
74.08

123.22

04XI
5.29
6.04
7.M
8.08
923
10.13
1138
11.88

23.88
14A8

18=

z
10,600
12J300
12?Dm
10X
1>100
9?810
9#430

lo#8m
6-
8,180
8~30
8=
E-
9#060
7,730
6,780
6~30
6-
6J3m
7#020

lo#200
8,740
13m
7J)1O
8~60
8,630
&500
8,690
1%800
7360
8~80
7#m

10X
9,1m
8~60
Em

32JM0
34200
23,900
19*
20A300
14,900
12@o
ll#500
11,9W
lo#300
10,600
6,620

44
38
38
41
44
49
44
50
37
45
58
45
50
.

46
52
58
61
56
53
53
52
45
54
55
52
53
34
33
50
55
57
50
S2
48
53
30
50
43

44
46
44
45
45
44
41
45
41
38
42
36

3@
1,140
3?50

2@o
ao
%100
1,780
1,610
1*
1,100
1/460
1/390
1s0
1/530
1,730
1,700
1390
1,790
l#460
l#360
1s
1,720
1,600
lJioo
1*
L470
1/440
1/390
1-

1,150
1270
1J)30
1?s20
1-
1,180
1,150

5#850
5#mo
4,no
3,690
3,900
2#420
@lo

2$380
1,680
%63(J
1210

6-
1,740
Sm
4W
4m
4,190
3,970
4@o
3m
3/800
4=

%970
3,110
U120
3,100

:%
%310
2#570

U70

3,930
3s
3#2Do
3#030
3#300
3#
3=
3#370
5s
%990
3,160
%730
4?020
3-
3*
3AI0

ll#800

9/030
6=
6,610
6J130
3,620
3$20
%960
3J)20
%750
1,610

urn
280
830
7ZJ
702
759
106
745
650
387
741
432
348
568
593
542
616
306
338
369
392
447
477
689
365
541
512
559
590
381
394
821
sn
558
m
722
684
661
5m

%230

696
1/050
302
229
446
247
398
305
30

7m
1s
3,100

3960
4s
4410
4*
3,700
3/430
4340
U30
3#200
3360
3*
3,120
3310
2AW0

::

U!lo
%760
3910
3,190
3*
Vm
3,130
3*
3m
3*
4390

3#om
&7m
3$30
3J31O
3,720
3*

23,700
10,600
E-
9/280
6,100
5/850
5#540
5#800
5360
4Am
3,770

41@o
1L900
3-
25W
26,900

22$300

22#loo
18@l
14JO0
1-

●

17,900
16/000
15,71m
1%700
1Z1OO
Wow

13-
15-
19/tloo
15,900
16#ooo
14?8al
15@o
16=
16,900
15,900

15X
15@o
1%600
19,100
18/400
17,600
mm

7-
74a
59=
43x)
46,100

29*
25?400
29$XI0
27/400
25=
18*
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1#-DCA TCS EDB Snrmgate*”

W@ % Reoovely

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
m
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

3s
17
36
40
22
22
24
26
2s
28
28
33
19
18
16
22
27
30
30
28
27
24
24
26
28
29
29
33
32
28
31
41
49
33
30
66
52
44
n

48
46
46
40
31
31
32
38
16
34
22
31

ND
ND
ND
ND
ND
ND
m
ND
ND
ND
ND
m
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
m
ND
ND

86
112
92
92

102
102
lm
103
108

●

●

●

●

●

●

●

92
94
92
93
91
92
92
94
94
98
98
94
97
90
90
92
94
99

106
104
104
104

●

84
84
94
82
98
63
81
108
97
83
76
64
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AppendixE. (Continued)

Date%npled Elapeed Tune Total BTEX BTEX Benzene Toluene Ethylbenzene Total XyleIIee TPH*
Daye %of TPH

TFF-UVZ(Continued)

6/9/93
6not93
6nv93
6nM13
6/33/’93
6n4t93
6/25/93
6n6f93
6n7/93
6/28/93
6/29/93
6fmf93
612V93
61z2i93
6122i93
6123193
6123193
6i24t93
612W3
ff26m3
6a7193
6/28193
6n9193
6/30/93
7nJ93
712193
713/93
714193
715193
716/93
717193
718J93
719193
7n2193
7n6193
7n9n3
7122193
7129193
8f3t93
8/5/93
9n3n3
9122/93

TFF-UV05
5123193

WW93

5129193

5130193

5/3u93

6/3/93

&7193

6/9193

lssll
16S8
17.88
18s8
19s8
m.88
21s8
22.96
23a8
24S8
25.88
2688
WJ38
28.88
=.88
3025
iw88
32.13
33s
32.88
33.88
34.88
33s
36.88
37.88
38.88
39.88
40.88
41.88

43A8
44.88
43.88
%.88
50.08
54.04
57.25
60.21
67a8

74a8
113.22

O.w
5.29
6.04
7.04
8.08

1138
14.88
16.88

1-
13W
1%700
13#200
16*
4JO0
ll#3w
9/510
7,640
7/300
7Am
7320
7#30
6~40
5,980
7@o
7gm
7-
7-
7,760
6@30
6AI1O
6244)
5,690
5,730
6,740
8,780
7>m
7460
6,9m
7#240
7,760
7flm
6,650

1%300
6$330
6/570
5,460
9/040
$220
8@30
7s
6~

34,100
lo-
2J90

lo#300
16~00
1,930

62
4fim

38
49
48
46
46
31
44
42
44
45
44
46
44
36
44
.

47
.

51
56
55
54
51
50
49
47
51
53
52
52
53
48
50
49
55
51
53
47
51
51
52
44
43

47
.
●

.

.
●

.

.

2#20

x
3,220
3#300
987

3/070

1,780
l#o
1*O
1/460
l#080
lao
1?220
l#300
1240
1s
1,740
lf470
1,620
l#560
1*
1,110
1,100
l~m
1X
1-
l#280
lS
la
L210
1,220

1$)70
lmo
877

VM30
1,140
1,110
1,100
904

6=
l,9m
451

Z060
3,120
393
7.6

1,060

3W
4JM0
4S
4/470
5$X()
1,110
4#590
3,940
*O

3#olo
2J30
1,770
U70
U20
%620
%640
%740

%190
1,960
1,970

3m

z
U70

%700
%280
1,960
5A)60
%740
2?620
1,960
3po
3,120

;E
%680

3,790
787

3s
5#410
621
30

1,760

252
324
88
143
286
79
649
402
ND
13
7A
n
66
24
3.0
263
53

336
306
326
247
224
261
232
2a
345
423
311
315
285
297
345
75
41
704
404
308
228
522
549
489
398
488

%190
635
131
4%
887
100
0.9
168

5,150
5,7!M
5*
5/450
7,140
l$m
urn

3,360
3m
3#280
3Pm
3310

3Jnul
3#lkfo
3/330
3#080

Wso
2?10

2/410
3-
3390
3flm
3-

3#060
3/430
3&o
3330
4/440
urn
2#350
2gt90
32m
3A1O
3/430
3-
%770

13m
3$M0
817
4,170
7370
819
23

1/930

29,700
28,100
26,7W
28#300
36$)00
13#400
25$I(XI
W)oo
17#
16,600
16,900
16/300
18/ooo
17*
13,700

●

15,700
●

14#200
13,900
lIXO
llJoo

lL4m
ll$)oo
14?2m
17-
13,900
13?900
13*
13,700
16=
14#ooo
13*

13*
1%400
ll@o
17,900
16,100
15,6m
17-
15,900

73#ooo
.
.
.
●

.
●

●
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lX-DCA EDB Suxmgate*”

51W % Recwezy

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
m
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
m
ND
ND
ND
ND
ND

IUD
ND
ND
ND
ND
ND
ND
ND

16
19
18
18
m
18
27
32
17
13
13
23
26
14
15
12
14
13
1s
21
22
22
21
23
15
21
18
23
21
23
27
23
19
22
32
36
42
38
52
38
36
51
39

52
22
7.5
26
26

ND
ND
6.1

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND

●

82
82
88
90
89
92
*
86
104
93
52
.
●

●

●

●

10I
●

%
94
93
93
92
93
93
95
%
93
92
%
92
90
95
90
%
100
100
103
106
109

●

lm

87
95
99
38
98
106
90
.
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Appendix E. (Continued)

Date Sampled Elapeed The Total BTEX BTEX Benzene Toluene Ethylbenzene Total Xylenee m“

Daye %of TPH 14@

TFF-UV05 (Continued)
6/20/93 17.33
6114193 211M
d19193 Z4M
6i2u93 m.w
u23t93 30.33
6J2W93 31.13
6i24t93 3U3
U23193 3543
ff30r93 37&3
7n193 33.33
7Kf93
717193 44.33
71W93 45J33
7tw93 50Q13
7n6m3 544)4
7n9m3 37.25
7122t93 6on
71W193 67.03
3/3/93 7U3
3/!W93 74m

9n5i93 115.06
9f22t93

TFF-EO06-AQ
5123193
!V29193
5/3oi’93
5/33./93
6/293
613193
6W93
616i93
617193
619193

6/20/’93
6nl/93
6iLW93
61Mt93
61’13193
6127E13
6f18193
6f20193
6U2193
U23193
U241’93
6125t93
6/27/93
6n3193
6/30/93
7n193
7n193
717193
713193

529
6M
7m4
8.03
10.13
1133
11s6
23s3
14.33
16S5
17s3
WM3
20.33
2243
23s3
24.33
25.33
W.33
23.35
30s3
31s8
32.63
34.3a
33.33
37B3
33.33
39s3
44=
45s3

3X
lJ30
%lm
961
233
223
99

143
330
81

220
127
864
160
105
13

541
314
235
79

203

22
53
8.5
5.0
4.9
4.0
4.0
8.4
1.0
8.0
5.3
6.2
25
2.0
6.9
3.5
33
4.2
3.9
2.7
ND
ND
ND
ND
ND
ND
0.5
ND
ND

●

●

●

●

●

●

●

●

●

●

●

●

●

●

✎

●

✎

✎

●

✎

;5

●

.
●

●

.
●

●

.

.
●

●

.

.
●

●

●

●

.
●

.

.

.

.
●

.
●

.

.

.

1,110
U30
354
417
197
51
59
30
19
74
22
43
34

175
36
B
1.9
103
60
53
9.4
29.0

21
12
1.9
L5
1.1
0.9
1.0
0.5
0.2
1.7
L2
0.6
0.7
0.6
1.1
0.7
0.5
0.6
0.6
0.4
ND
ND
ND
ND
ND
ND
0.2
ND
ND

1,600
1*
393
303
334
34
32
32
24

227
30
30
43

373
n
49
7.1
219
227
114
49
73

26
L2
23
13
12
Lo
1.1
24
03
25
L9
22
0.6
0.6
27
L3
1.4
1.7
13
Lo
ND
ND
ND
ND
ND
ND
0.3
ND
ND

53
207
18
66
47
12
11
4.3
13
22
3.6
11
26
52
7s
w
0.3
32
20
17
3A
19.0

20
0J3
0.6
OA
0.6
0s
ND
0.9
ND
0s

0.6

ND

02
0.2
ND
ND
ND
ND
ND
ND
ND
ND
ND

1/740
732
415
332
333
S6
77
32
92
157
25
32
47
264
45
24
3.4
132
107
ml
17
77

5.2
21
3.5
L3
20
1.6
1.9
4.6
0.3
3.0
24
23
12
0.3
3.1
13
1.4
1.9
1A
1.1
ND
m
ND
ND
ND
ND
ND
ND
ND

●

●

●

●

●

●

✎

●

●

●

✎

●

✎

✎

●

●

✎

✎

✎

●

●

3m

●

●

●

●

●

●

●

.
●

●

●

●

●

●

●

●

.
●

.

.

.

.

.
●

.
●

.
●

●
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lxxA T(Z EDB Surrogate**

P@@ % Recmrexy

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
No
ND
ND
ND
4.1
4.9
2.4
4.0
23
29
1.0
ND

ND
ND
ND
ND
ND
ND
ND
m
ND
ND
ND
ND
ND
ND
ND
m

ND
m
ND
ND
ND
ND
ND
m
m
ND
ND
ND

7.3
9.9
17
13
6.3

4.2
ND
ND
3.4
m
ND
ND
ND
4.5
3.7
ND
12
6.S
5.9
5.3
ND

ND
ND
ND
0.3
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
m
ND
lull
m
ND
ND
ND
ND
ND
0.4
ND
ND
ND
ND
No
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
m)
ND
ND
ND
m
ND
ND
ND
m
ND
ND
ND
ND
ND
ND
ND
ND
ND

&
104
102
ml
ml
92
93
108
%
94
93
97
92
82
82

119
112
114
114
93

116

102
lW

●

●

99
129
106
94

103
104
109
107
107
110
102
103
102
102
99
102
w
98
94
100
99
98
84
99

ml
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Appendix E. (Continued)

Date Sampled Elapoed Time Total BTEX BTEX Benz.eae Tolnene Ethylbemuae Total Xylatea TPHo

DayB %of TPH

TFF-EO06-AQ (Continned)
719193 4633

7tW93 son
7n*3 54.04
7n9f93 57.25
7f22f93 6021
712W93 67S3
3/3/93
31W93 74M

9n3r93 113.22

TFF-TNK2-BOT
612193 10.25

61W93

TFF-lNK3-BoT
904

616J93 14A6

6/3/93 1630

6not93 10.23

61W93 19.03

6n2r93 m33

6n4193

61W93 23.13

6nsf93 2333

6n6193 24m

6122i93 2925

6f2zf93 30.25

ND
0.4
0.3
0.5
ND
ND
ND
1.5
33

8JM0
8/430

10W
5,670
5#650
7$M0
9#240
9#200
Ulo
563

5330
5920
l!no
wm

.
●

●

●

●

●

●

✘

●

50
45

48
44
41
53
56
49
27
5

49
S5
29
42

ND
0.2
03
0.2
ND
ND
ND
0.3
OA

Z#5.40

1,190
l@o
Wo
2/490
U70
lW
393

2Jno

616
662

ND
0.2
ND
0.3
ND
ND
ND
0.2
29

3&o

3?040
1/200
l#olo

%950
3#620

w
MO

2J40
1J320
675

1-

ND
ND
ND
ND
ND
ND
ND
03
4.2

360
157

372
61
51
35
65

273
7.6
4.1
26
0.3
26
39

ND
ND
ND
ND
ND
ND
ND
0.7
30

3JIO0

4#60
3=
3#5m
33m
3,740

717
22

h?
223
739

●

✎

●

●

✎

●

●

●

✎

16,300
18,900

20,900
13@o
13,900
14$too
16*
18JM0
3,630
1%600
luxl
lo#300
Sm
6,130

Note ● Indicates analysis not performed.

NIX Not detected at or above limit of detection.

oTotaIPetroleum Hydrourbone Wlndotw C6 to ClZ).

“Chloroberuene (QC LimitN 50 to 150).
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1~-DCA TCS EDB Snnugate*”

P’@@’ % RecOvely

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
m
ND
ND
ND
ND
ND
ND

24
15

25
25
17
12
13
29

ND
ND
5.9
7.4
12
12

ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

102
94
87
87
116
111
114
la

●

100
100

94
70
82
87
80
30
34

●

●
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Appendix F. DUS 2ndP= VaporData

Dti &mpkd EhpaedT&= Id BTDf BTEX kueoE Tohuie Ettylbuume Ta@l XyteH TPW WI? He ~ -
Pm %of TPH ppmv ppIW PF Pw @air ppOW e@Lalr p-

TFI=KM6-VPR***
3R7N3

4n193

W/93

6t7193

6AW3

41W93
6n7t93

6M193
4n3t93
7n193

n’FIcE-ml

3nw3
3n5/93
-3
m3
3nw3
wm
Snrm

m3

4n193
4#93
m
61W93
m
m
61W3
61W3

WJ93

6W93

6W93

6t7t93

6m#3

4W93

6W93

W193

6fW93

6nw93

6n2t93

6AV93

MW93

6AW3

6fW93

6i13/93

6JW93
6JW93

6n6f93

W17193

6n7J93

6AW93

417
9.33
1323
3322
13.03
u
25S0
3940
3Mo
34Jo
39m

333
I&3
204
233
w
3a9
4.03
4!39
S00
3.39
u
7.00
3004
9.33
9.23
w
1033
llno
13.25
3Mo
m
33.00
14J3
14.%
1323
13.%
16a3
17.00
1729
lam
1325
19m
19s
19.%
21no
w
-
33no
2325
24.00
24.23

2U3

Mm

I&o
1,790

.

●

.

.

.

.

.

.

●

.

3#0
3W)
.

5#M0

w
.

s#60
.

.

4A

-

&
●

w

m

m
.

.

.

1,440

943

w
.

w
.

w
●

910
●

.

.

1s)
●

1*
.

937

I&O

I&O

.
10

14
.

●

.

.
,
.
.
.

.
●

11
8
●

18

19
.

47
.

.

.

20

10
●

10
.

33

16

23
.

●

.

23

17

16
.

33
.

22
●

11
●

●

.

14
.

16
.

7
.

9
.

14

.
337

133
.

.

.

.

●

.

.

.

●

.

m

323
●

145

114
●

667
.
.
.

577

.
133

●

m

123
.

.

.

65
132
163
.

132
.

54
.

140
●

●

●

236
.

315
●

162
.

190
.

197

.
579

535
.

.

.

●

.

.

.

.

.

.

Urn
1,740

.

2#30
urn

.

z4m
.
.

M*7O
373
.

503
.

530
597
m
.
●

●

4%
342
343
.

673
.

1,130
.

So4
.
●

.

all
.

l#30
.

459
.

331
.

633

.
323

.

.

.

.
●

✎

✎

●

✎

✎

205
●

371

3Z
.

439
.

.

&

.

.
lU

156
.

.

.

141
53
100
.

233
.

133
.

53
.
.
.

.
143
.

64
.

72
.

100

.
623

929
.

●

.

.

.

.

.

●

●

.

m

I&o
m

.
m

.
●

40
323

.

343
.

323

8n

344
.

.

.

723

U1

436
.

475
.

7a
.

303
.

.

.

33’3
●

500
.

2a
●

272
●

365

93

57

u
33

u

93

336

86

234

n

27

320

143

320
147

51

100

33

70

45

33

33

n
33
43
43
46
43
43
40
27

23

27

30

23

20

33

31

24

36

35

33

29

3s

32

41

33

50

44

53

44

47

41

41

33

25#oo

16JO0

6~o
lMOO

116
63
46
26
43

33#700

35*

*OO

40,700

14#600
23#500
33.700
19300

9=
9#330

30300

23@o

13#oo

13#o

7410

6-

7#340

8410

6#0

5@o

7#40

8#40

6a70

lo#oo

9#330

lo#oa

8#330

9,930

9J30

13500

losoo

MJoo

lWOO

13#200

13#oo

13#oo

9300

145

33

320

n
30

m
305

2W

95

164

la
64
39
39
37
104
49
33
53
55

47

45

29

23

23

33

24

24

33

37

30

45

42

44

35

40

36

46

44

57

51

61

52

54

49

49

33

13#ooo

13#6m

7*

33*

23#oo

42JO0

20,100

8J$50

59#oo

67,700
67#1

27JO0

46#o

29#oo

lq300

ll#oo

1-

29#3al

14PO0

14AO0

Isom

13,7W

8#o

6@0

7#30

9m

6m

6p930

9#30

lop

$Am

ZWo

13#300

9/900

ll#o

loiwll

13?ooll

16.200

14#m

17a

14#Jo

15#o

13#oo

13#oo

lo#soo
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Appendix F. (Continued)

mFIcE-lN (Contiuld
10,90033

24
17

18

23

m

30

43

47

39

45

43

47

37

22

2s

25

24

26

10

16

16

14

37

44

39

35

38

36

39

32

35

23

33

28

30

9/s00

6#00

m
5#oo

6#0

8-

1-

moo

13m

1-

13m

lo#o

6#0

7p50

7,140

6,740

7#450

~760

w

w
3#90

10AOO

la

9#30

10,900

10JOO

13Jal

8,980

9$30

7480

9>70

38
27

18

18

23

36

53

50

55

47

52

30

52

45

26

23

23

26

23

10

17

18

15

43

53

45

39

43

39

42

35

38

28

35

30

32

163

6nw93
6nw93

6m93

6a7t93

6nw93

a9193

6mt93

7fw93

7W93

7t2t93

7/293

71W93

71493

71W93

71W93

71W93

717t93

717193

7mi93

71W93

71W3

7/9/93

7/23f93

7RW93

7m193

7nw93

713W93

3W93

3tz93

Ww93

WW93

W4193

WW93

WW93

Ww93

8AW93

6n7193

W3W93
9nt93

912193

Ww93

917193

9/8/93

9nw93

2622
27.00

28m

29m

292s

3U0

30,25

3LO0

31a5

3240

3225

33m

33s

34m

35m

36m

36m

37m

37.23

38m

3822

3940

3W3

4aoo

40.23

4340

43s6

4296

4UM

4423

45m

4s25

Um

4632

47ao

47a

63.00

67m

6723

66m

48.23

7LO0

732

7ZO0

7223

73m

74m

75m

78m

7M0

9440”

96m

loom

10LOO

lam

10MO

107.00

losm

nom

.

.

.
68
.
●

.

.

.

.
232

.

.

.

●

✎

✎

938
.
.

&
U“70....

●

934
.

773
.
.
●

442
.

m
.

.

.

.

363
.

732
●

348
●

672
.

3$40

3#4iM

&

&

&
●

1/410

1-

w
l#Ao

l#330

235
853

I#o

1/500

1#1

I#LWO

-
.

895

.

.

.
18

●

.

.

18
.

15
.

.

.

.

.

13
.

11
.

.

.

10
.

8
●

.

.

.

9
.

8
●

8
●

9
●

10

10
●

33
.

15
●

16
●

14

15

15

1s

13

11

11

19

32

22

21

20
.

19

.

.

.
lU
.

●

●

530
●

267
.

.

.

.

.

173
●

148
.

.

.

94
.

187
.

.

.

.

163
●

143
.

118
●

138
.

.

.

.
497
.

.

Joo
.

m
●

.

.

●

.

447
●

367
●

.

.

222
.

414
.

.

.

.

483
.

397
.

330
.

337

1A

l#740

3A

li50
●

804
.

560

619

484

630

w

76

307

506

472
3s6

389

430
●

26S

7,mo

5#40

5#200

7JO0

10,100

16#0

14#200

15,700

23*

14?9a

1-

lZWI

73a

7,970

7#20

7*

8#60

w

w
4$80

m
woo

l&500

13@o

llslo

12#oo

9#3a

10,700

7#30

lo@o

8$80

9J30

46/200

43,100

26AM

184

18#400

lW

33?00

10,200

12Joo

9,m

lIJWI

2#o

8,970

7320

s#Mo

6#20

5,760

7>50

5,94a

5#o

..

.
●

.’

.

.
30
.

59
.
.
.

32
.

54
.
.
.
●

39
.

53
.

43
.

56
.

233

.

.

.
●

●

236
.

197
.

●

.

94
.

154
.

.

.

.

.

.

.
161

.

996

7#8’lo

.3*

39@o

23@o
mpoo

17#Ml

17#300

23/400

12Joo

9/810

13#soo

9/480

1-

lo#m

m
7,960
6~70

4730

5#s50

5J20

6/S20

5320

$790

MO
833

●

387
.

403
.

206
.

339

143

230
33
70
62
61

47

45

43

35

41

33

39

37

&1

28

23

17

20

18

23

19

17

93
77
65

66

49

47

44

36

43

34

43

39

8.8

32

26

18

23

20

26

22

19

.
1%

. .
792

.

832
.

.
177

●

223

156

140

144

232

26

n

112

237

11s

95

321
.

36

m

164

20
81

102
33
83
102
.

59

73s

658

457

672
.
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Appendix F. (Continued). .

Dde Sempled ElepeedTime Tdd BTD( BTEX ~ Tdm Ethylbeorene Tdd Xybee TPIW TPW He =

P- SdTPH ppow ppaw P- P- ri#Leir ppow Ulg/Ldr pplm

?TFzcE-lN(CoJItkd
9n4m
9n5m

9n2m

9t2W93

9n493

ITF-ICE-OUT
SQ4J!93
3n7193
6fm3
tinm
6W93
6m93
6AW93
6i9t93
6mW93
~7m

6@493
718i93

I?7=CFZ

613m
6t7i93

4#lw93

6n4m

6n7t93

TFFCFO

61Z93
6@93
4J4t93
fJw93

TFJ=GSW416
Y5193

‘EF-GEW-8M
315t93

lm.m
114.?2
323.00

22Z%

3.04’
417
1033
1329
3M3
13S3
l&33
17S4
18.33
25.37
32.00
46m

aoo
8.04
1M5
1s.23
Mm
2Mo
23hoo

aoo
1033
1L25
32.23
23.17

●-

—

MQQ
.

1240
.

923
.

3.0
4.8
97
7.3
a9
4.2
3.3
8..5
4.9
14
10
9.9

●

.

.

.

.

●

.

●

11
3A
a8
33

3#30

Sm

25
.

20
.

19
.

.

.

;1
2
.
●

61
.

18
20
.

.

.

.
●

.

.

.

.

.

.

.

33

5

6

337
●

100
.

75
.

2.0
3.4
61
32
ao
27
3.5

3.7
3.5
27
3.2
3.2

●

.

●

.

.

.

.

.

0.3
0.2
ao
0.1

m

m

532
.

383
●

270
.

a6
Lo
23
L4
a2
a8
Lo
L4
a7
L9
L9
22

.

.

.

.

.

.

●

.

23
L3
a2
a9

l#330

m

330
.

116

k
.

0.3
0.1

34
a4
0.3
0.3
0.1
05
0.1
L2
0.3
0.7

●

●

.

.

.

●

●

(Ii
a5
0.1
w

333

m
.

636
.

484
.

02
a4
32
25
OA
as
as
3.0
0.3
83
4.5
3d

.

.

.

.
●

●

.

●

7.8
3.4
a5
L9

689

U6Q

21

17

n

23

17

ls

●

●

&
a16
ND
ND

aos
.

027
0.18

.

alo

a23

ao8

aos

ao7

ND

aat

a15
.

k
0.09

237

348

6AM0

%X0

6J60

6#6tl

4740

w

.

.

.

66
45
ND
ND
14
.

77
50

●

29

37

33

1s

19

ND

11

43
.
●

ND
26

99@o

24

19
24

26
19
17

.

.

.

a92
333
m
a38
0S3

●

053
0.48

●

0.30
a24
0n3
ao6
047
0S4
0a4

afi
●

●

0.36
an

.

.

6,730

Sm

6,760

7B

5#4a

w

.

.

.

M2
952
116
107
94
.

156
335
.

29

39

33

18

20

11

32

43
.
.

45
30

.

.

● hdiateeenalyeblid pdolmed

NIkNatdetededdado-Umdtofdetedbn.

7otd PetroleuoI Hydmarbom (Window C6 to N.

Yotd Hydmadwne (wirdow c1 to m.

~-1006-VPR samplee taken June 14or leter were endyred ●t W C
Thoee taken pdorto June 14= andyred et ambient t~ntuie

‘7PF-ICE-IN uBIpiUi at 94.00 deys it known to be ● bad ~pi~

_..SqM p~rto the M *the ~ a p-
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Appendix G. DUS 1st Pass PhotoVac

Date8ampled Elap8edTime TemperatureTotalBTEX Benzene Toluene EthylbenzeneTotalXylenea
Daya “c ppmv ppmv ppmv ppmv ppmv

lTF-1006-WR
2J493
2nl/93
21W93
2n3f93
ZW93
2/35/93
2f17i93
2f37i93
2n8t’93
2n9/93
2f2w93

2f21/93
2f22B3
2123193
2/24/93

2125193
2J26193
2J27193
2mi93
3n193
3/2’93
3/3/93
3W93
3/993
3i8193

TEF-VESI
213f93
2f3193
213r93
2W93
214f93
2W93
21!V93
2w93
2/7/93
2f8i93
2r8193
2J8193
2f91’93
mw93
2no193
2iw93
21W93

LOO
8.04
9.33

10J8

1L04

12.oo

14.04

1433

15004

16.23
17.06

18J8

19.00

20.08

2L13

22a4

24.22

27.04

28.04

29.04

3033

33.23

0.04

0.25

0.50

L25

L50

200

229

3.23

4.04

5.08

5.29

5A6
6.@

7.10

729

10.08
11.09

59

70

70

123

166

172

153

147

123
80

78

78

84

91

104

220

141

149

155
158

161

57

58

59

64

64

61

64

50

60

64
62

76

63

78

133
164

750
828

363

2?110

3,760
4/470

2#60

1390
589

51
87

904

3#o

513

767

l#850

3,170

5,980

7/220

1A1O
1?680

1390

l#820

4310

959

318

340
611

630

1/050

681

753
626

397

816
674

4%
573

478

221

2#430
3,180

157
58

41

172

316

445

183
104
7.9
16

35

60

82

223

263

1s2
232

229

103

166

60

92

108

165

127

194

119

99

117

53

168
99

70

70

56

21

180
800

300

207

90

979

l#250

2&o

897

543

199
19

25

87

608

lm

229

584

lW

1,180

1,770

618
861

758

574

1,190

326

108

105

195

235

436

234

219

190

106

367

283

172

168

156

17

1327
lfi%

17

%

29

166

485

2m

230

73

3.7

OA

32
156

23

27

146

228

625

818

lol
108

78

158

379

84

6.8

10

19

15

a

23

21
8.7

4.0

22
28

22
19

20

62

1%
164

W6
537

228

794

l#710

1,180

776

590

m

24

45

751
2J50

260

429

998

lfa)

3#900
4#o

537
583

422

983

489

122

118

232

253

393

315

415

311

234

259

%4

B5
316

2%

77

774
520
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Appendix G. (Continued)

DateSampled ElapaedTiie Temperature Total BTEX Benzene Tohene Ethylbenzene Total Xylenea
Daym ‘c ppmv ppmv ppmv ppmv ppmv

TFF-VESI (Continued)
225/93
2127t’93

2f1803

2J29t93

2J2W93
2/22/93

2122&3

223/93

Z24J93

2125193

2126193

2f27i’93

2mt93

3W93
3J2193

3/3193
3/4/93
3/5i93

3/8/93

TFF-EO06-VPR
2/3/’93

2J3193

Z3t93

2W93

2kf93

2J7B3

218J93

2/9/93

2/14/’93

2115193

2122193

2/23r93

2f24193
3/8/93

TFF-GEW-816
2f5t93

Z1OI93

2f13J93
2r16193

WV93

1404
25.04
16033
17.04

18.08

19.00

20.(n

2L13

2204

23.08

2423

26.29

27.04

28.04
29.04
30.33

33.33

0.04

0.25
0.50

LOO

3.3.3

4.04

5.46

6.08

1L04

2200
19.00

20.08

22.23
333

229
7.29

10.08
13.17

3033

172

153

123

80
78

78

84

91

104

220

224

141

149
155

158

161

57

58
59

59

50

60

76

164

172

84

91

104

64
78

123

2#20
2#060

566

63
376

862

1/280

722

867

1,980

1,750

4/310

4,%0
l#890

l#420

622
1,780
3#lo

5#400

11

35
14

39

28

ND

109

ND

499

296

ND

0.5

7.9

186

756

539
2970

3450

2J60

327

255

101

0.5

16
53

115

60

75

228

153

256

262
191

153

77

323
167

185

6.7

29

14

ND

28

ND

94

ND

414

223

ND
7.9

105

151

66
306

418

152

lW
897

201

ND
57

221

276

194

258

616

572

1/050

l#220
914

780

291
860
9M

1,100

3.6

4.5
0.5

3.9

ND

ND

15

ND
86

73

ND

0.5

ND
45

288

191

1,730
l@o

1,100

335

130

3C6

w
6A
40
39
53

167
326
503
528
m
80

39
132
392
463

ND
0.1
ND

ND
ND

ND
ND
ND

ND
ND
ND

ND
ND

15

25

35

147
382

118

917

776

w

5.7
300
681

845

482

L070

896

2#600

663
408

225
683

2#20
3#650

03

1.5

ND

ND

ND

ND

ND

ND

ND
ND

ND

ND

ND
22

292

247

790

780

795
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Appendix G. (Continued)

Date Sampled ElapaedTim Temperature TotalBTEX Benzene Toluene )lthylbenzene Total Xylenea
Daya ‘c ppmv ppmv ppmv ppmv ppmv

TEF-GEW-016
WJf93

Zmf93

2f11/93

2n2f93
Z13193

2f16/93

TFF-GEw-808
2f5/93

2nl/93

2fw’93

2n2/93

2fMi93

3/5/93

m-m
3/lJ93

TFF-CFO
2/3/93
Z3i93

3ili93

2a
7s

sow

9.33
10.08

33.17

2.29

8.04

8.29

9.23

33.17

0.04

025

64 458

7B 155

70 801

70 206
133 U3

260

64

70

70

781
678

577

364

645

3#o

155 6.5

57 3.5

53 33

155 17

44
22

39

38
7.8

24

137

49

18

55

376

153

4.1

L2

L9
5.0

86

43

227

56
20

53

201

201

339

110

ND

770

L4

L5
0.8

7.0

11

27

22

OA
ND

7.0

9B

24

12

8.0

269

252

ND

0.1

0.1

ND

317

39

615

122
236
176

433

404

409
191

ND

2#220

0.6

0.5

5.5

NIX Not detectedat or abovelimit of detection.
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Appendix H. DUS Second Paaa Foxboro Organic Vapor Analyzer

DateSampled ElapaedTime He ElapsedTime H(Y ElapaedTime H(Y
Days ppmv Days ppmv Daya ppmv

T’l?F-ICE-lN
5/24193

5125193

5/26/93

5127193

5128193

5/29/93
5/3w93

5/31193

611f93

6/2J93

6f3193

6/4/93

6/5J93

6K193

6/7193

6/8/93

6/9193

6JIOJ93

611V93

611293

6113193

611493

6115193

1A2

L63

2.04

2J7

2921

229

m

3.08

3.29

4.08

429

5.00
5.29

6.00

7.00

8004

9.25

10.08

10.17

11.00

Uoo

12.21

13.oo

14.08

14.%

15.96

17.00

17.29

18.00

18.25

19.00

19.%

21.00
22.00

23.00

23.25

140/ooo

260#000

loo#oo
70#oo

150#000

130#000

l(xlOoo

80#ooo

Ioqooo
69#oo

47400

24AMMI

30#ooo

24#lo
24$)00

27/ooo

14#oo

13#ooo

13#ooo

ll@o

6/100

7/600

5$)00

2900
6,100

8/400

10/000

9,000

9,000

7,000

10$)00

W)Oo

ll#ooo

15400

ll#ooo
14#oo

TFF-ICE-OUT
1.%

%04
Z17
Z21
229
%38
3.08

4.m
4.17
4.29
5.00

6.00
7.00
8.04

9.17
10.08
10.17

IZ04

32X3

23.00

14.08

1496

25.00
16.W
16.25

17.04

18.13

19.00

20.00

22.04
22.00

23.13

42

70

87

44

64

80

70

100

320
100

120

0.2
0.2

140

100

200

40

104

100

40

120

20
60

40

20

80

40

80

60

20

80

ITF-CFO

533

6004

7.00

8.04

9.00

9.17

10.17

12.04

13J0

14.08

1496

15.%

17.04

18000

19.00

19.96

21.04

22.17

23.00

23.08

ND
03

Oa

2.3

28

ND

03

03

oh
OA

02

0.5

OA

0.7

1.2

0.9

13
3

3.1

2.1
13

12
ND
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Date 8ampled ElapsedTime He ElapsedTime He
Daye ppmv Days ppmv

mF-cFl TFF-CFI-AETER”*
5t24J93

5/25/93

5/26i93

5/27193

5128i93

5/29193
5/3cu93

5/32/93

533
6JM

7ao

8.04

9.00

9.17

44
41

23

26

11

10

533
6.04

7.00

8.04

9.00

9.17

24
26

15

18

7

76/2/93

6/2/93
10.17

1025

5
6

10.17

1025

6.5

7.3

613193

6J4193 12.04 8.2 5.8

6/3/93

6/6/’93

6/7193

13.00

14.08

1496

5.5

5.9

2.7

23.00
14.08
14.%

3.9

4.5

2.4

6/8193 15.% 8.9 15.96 7.5

6/9193 17.04 12 17.04 8.9

6110193 18.00 1118.00 15

6ill@3

6/12193

6JW93
akuw

19.00

19.96
21.04

22.00

22.17

23.00
23.08

16
16
1.4
8.2
7.2
6.6

12
5.6
9

19.00

19.96

21.04

22.00

22.17

22029

23.00
23.08

12

12
1.1

6

6.2

5A

73
4.6
6.7

6/KV93
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Appendix EL (Continued)

Date Sampled ElapsedTime He ElapsedTime Hc. ElapsedTime HcD

Daya ppmv Days ppmv Daya ppmv

TFF-ICE-lN
6n6193

TFF-ICE-OUT
24.00

TFF-CFO
24.00

2435

25.00

40 02

OA

03

03

03

0.7

L2

1A

13

lh

1

24.00

24.25

25.00
25.25

26.00

26.21

27.00

23.00

29.00

29.25

13#oo
23$)00

13#ooo

11/000

7,700

8@0

7#aoo

3/600

3#o

4700

25.17

25.29

26.00

60

40

60

6n7t93

26.006118193

27.00
n.oo

S.00
29.25
29.29
30.00

80

40

90

90

60

45

27J0
23.00
2%00
W.25

6n9f93

6/20/93

6123193

8,500

IMOO

11$1oo

30.00

30.25

31.00

612293

6J23193

30.00

30.25

31.00 6031.00
31.00

31.04
31.04

31.33

31.2.3

31.17

31021

32.00

32.25
32.29

32.29

33.00

33.33

33.25

34.00

35ao

36.00

3625

37.00

37.21

38.00
38.21

38.29

39.00

3925
40.00

41.00

41.%

4296
44.04

1.1
1.2

1A

1.7

1%

1.7

1A

13

1A
1

1

0.8

12

1A
0s
0.7
0.7
0.8
0.7
0.8
0.6
0.8
0.8
0.8
ND
ND

ND

ND
ND
ND

3125

3200
3235

14#oo

15#oo
6i24J93 32.00 36

6f25193 33.00 12#oo 33.00 51

33.25

34.00

3500

36.00

3635

37.00

3721
38.00
38.21

12poo

ll#oo
5,900
6300
6/200
5,100
5;mo
3#o
3,100

6J26193

6127193

6128193

6/29&J3

6/30/93

34.00
35.00

36.00

60

60

54

37.00 60

38.00 30

7n193

712/93

713193

7J4m3

39.00

39.25
40.00

40.25

41.00

41.96

44.04

4,600

3,500
9s0

10JIOO

9,000

10JIOO

9,000
9/600

39.00 30

40.00 60

41.00

41.%

42.96
44.04

33

27

30
307J6193
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DateSampled ElapsedTme He ElapsedTime H~
Days ppmv Days ppmv

mF-cFI
6iM/93

6/17t’93

6mi93

6/19193
6/20/93

a21/93

6/22/93

6123193

6/24/93

6/25/93

6/26/93

6/27/93

6/28/93

6f29/93

6f31V93

7n193

7/2/93

7/3193

7(4/’93

715f93
716193

24~

24.25

25.00

26.00

27000

28.00
Woo

2%23

30.00

3025

31.00

31.00
31.04

31.04

33X3

31.33
31.37

3121

32.00

3225

3U9

32.29

33.00

33.13

3325

34000

35.00

36.00

3625

37.00

38.00

38.21

38.29

39.00

39.25
40.00

41.00

41.%

a%
44.04

5A

5A

4

3.9

4.2
5.7

7

8A

3.5

4.7

16

16

15

15

1.5

1A

1A
1

1

0.9

14

1A

0.9

1A

1

0.7

1
0.7

0.8

0.7

1

1

1

1.8

1.7

1.5

1

0.8

0.6
0.7

TFF-CFI-AEYER**
24J0
2425
25.00

26.00

27.00
28.00

29.00

29.25

30.00

30.25

31.00

31.00

31.04

31.04

31J3

31.33

31.17
31.21

32.00

32.25

32929

32.29

33.00

33S3

33.25

34.00

35.00

36.00

36.25
37.00

38.00
38.21

3829

39.00

39.25
40.00

41.00

41.96

U.04

4A

4a

3A

33

26
4A

5.2

73

3

4

32

12
33

13

1.1

1.3

1.1
03

0s

0.7

11

l.1

0.7

1.1

0.9

O&

0.8

O&

oh

0.7

0.8

0.9
0.8

1A

1.2

1A

0.9

oh

0.5
0.5
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Appendix K (Continued)

Date Sampled ElapsedTime He ElapsedTime He EIapaedTime Hc*

Days ppmv Days ppmv Daya ppmv

TFF-ICE-lN
7kf93

7fft93

718193

7191’93

7f12/93
7n3i93

7115/93

7n6f93

7n9193

7120193

7121J93
7/22/93

7f23193

31Z93

813193

8J4t93

8t5t’93

816193

819193

81MY93

8124193

8125193

3i26/93

8/27/93

8130193

8i31J93

91U’93

91m3

917193

918/93

44.25
45J0

4525

46000

4621

47WO0
47.21

5UO0
51.00

53.00

54.00

57.00

58.00

59.00

60.00
61.00

61.00

70.00

7oao
72.00

73.00

73.00

73.00

74.00

74.00

77.00

77.00
78.00

92AM
93.00

94.00

95.00

98.00

99.00

100.00

101.00

106.00

107.00

lo/ooo

8/300

10/000

7/10o

8~

7#200
7#300

56#ooo
25#ooo
14/000
15400

qooo

IMOO

ll#oo

ll#oo

lo#Ooo

8/600

14/000
8,200

14#oo

26#000

16#00

6/100

7,100

5#600

5,000

7,000

5/400

TFF-ICE-OUT TFF-CFO

45.00 24 45J0

46.00 27 46.00

47.00 39 47.00

50.00
51000

53.00

54.00

57.00

58000

59000
60.00

61.00

70.00

moo

73.00

74.00

77.00

0.1

ND
ND
ND
ND
ND

ND
ND

02

02

02

0.2

02

02

ND= Not detectedat or abovelimitof detection.

●Total Hydroabons (Window Cl to C-).

●*~nng ties~nd St=m passtheairstrippingtank effluentwas injectedWM hot dry air to reduce

the moisturecontentof CFIsamples.TFF-CFI-AITERwastaken afterthis additionof air.
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Date Sampled ElapsedTime He ElapsedTime He
Days ppmv Daya ppmv

ITF-m
716i93

717193

7fsi93

719193

7/32/93

7/13m3

7/35/93

7nd93

7n9B3

7/20/93

71ZII’93

71W93

7f23i93

si2t93

s13/93

s/4/93

SK193

sK/93

si9193

45.00

46.00

47.00

50.00

51.00

53J0

54.00
57.00
58.00

59.00

60.00

61.00

70.00

73.00

73.00

74.00

77.00

0s

0s

0.7
1

2.1

1

0s

0.6

OA

03

OA

1.s

13

1.1

13

1A

1

TEF-CFI-AFZER**

45000

46.00

47.00

50.00

51.00

53.00

54.00

57.00
5s.00

59.00

60000

61000

70.00

73.00

73.00

74.00

77.00

oh

oh

1

0.5
09
1A

0s

0.5

03

03

03

03

13

1

09

1.1

12

0.9
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Appendix L DUS Wells Aqueous Data

Date Sampled Total BTEX BTEX Benzene Toluene Ethylbenzene TotalXylenea TPH*
Pfl %of TPH I@ I@ w p~L

GEW-710
li15t93

12J16193

GEW-816
814J92

GSW-OOIA
IIW93
lln24’93
12n61’93

GSW-006

GSW-007
mm
ln2f93
5nw93

IIJ12193

GSW-008
3/22/93

5n8f93

llf12J93

GSW-009
lm193

5n9i93

GSW-OIZ
5n9n3

GSW-013
ln3/93

5n7193

12n2f93

12/16193

GSW-208
lln2@3
12n7193

So#lo
174

9,110

33300

26,100

3300

78/600

262

ND

276

32

8.1

23

ND

45
30

36

23

30

33

59

10

0

10

1

26

22
●

22$)00
23

4#860

4,150

190

31

34/500

201

ND

203

1.9

8.1

13

ND

34/000

58

3/600

11200

8/200

736

32@o

28

ND

45

0s

ND

ND

ND

3,770

33

20

2#140

Mlo

2(J6OO

80

632

15/300

15@o

2J80

9#690

31

ND

25

0.8

ND

ND

ND

177#00

579

25#o

145#ooo

88#400

9,900

13$ooo

mo

18

WO

223

31

58

ND

358

l#800

0.5

m

3.3
m

m
m
ND

ND
4.6

0
16

ND
4.6

ND
ND

ND
ND

ND
ND

24
w

15 11 15 ND ND ND 140

12
264
865
827

2

31

47

36

8.9

140
331

283

1.1

37

224

188

ND

11
34
25

la
76

276

331

709
860

Z280

16
21

m
3.9

m
1.0

1
1

16
13

0.3
3.2

U50

2050
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228

ND

152

58
ND
ND

67

ND
ND
ND
ND

12
13
ND

ND
ND

ND

ND
ND
ND
ND

40
19

11
ND

111

ND

ND

ND

ND

11

ND

IUD

ND

31

2s

L7

ND

ND

52

ND

ND
ND
ND

0.9

4.9

In
ND

●

59

ND

ND

165

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND

IUD

ND
ND
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Appendix L (Continued)

DateSampled TotalBTEX BTEX Benzene Toluene Ethylbenzene Total Xylems TPH*
M@ % of TPH I’@ P@ P@ pgiL

GSW-215
mlf93

5120193

GSW-216

5n9/93

1111Z93

12/37/93

GSW-266
5/19/93

GSW-326
5nw93

GSW-367
5n9/93

GSW-442
5n8/93

GSW443
5/18/93

GSW444
5/20/93

GIW-814

lr13i93

lm2193

12Jl&93

GIW-815

IIJU193

121M193

GIW-817
lll12@3

GIW-818

13n2J93
12(16/93

9.3

32

330

26#8al

3910

l#940

ND

ND

ND

ND

ND

ND

l#560

25

L9

753

28

500

617
261

17

11

8

m

15

14

●

●

●

●

●

●

57

27

10

51
25

46

76
38

9.3

12

61

3#.550

311

35

ND

ND

ND

ND

ND

ND

977

17

0.3

36
0.6

93

139
47

ND

ND

66

9#o

l#otlo

312

ND

ND

ND

ND

ND

ND

351

21

OA

311

6.7

145

225
90

ND

ND

ND

U90

484

263

ND

ND

ND

ND

ND

ND

38

1.1

ND

68

23

42

40

19

ND

ND

33

ll#Oo

%030

l#330

ND

ND

ND

ND

ND

ND

191

4.8

1.2

338
18

220

214

105

55

107

Lno

9QO0

25#800

13m

ND

ND

ND

ND

IUD

ND

%720

91

19

1/490

111

U190

8(W

678
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@DCA TCE EDB

P@’ P@ I@

ND

ND

53

ND

1s

ND

ND

ND

ND

ND

ND

ND

5.3

ND

03

ND

ND

ND.

ND

ND

213

227

ND

13

u

IA

55

ND

55

L3

3.3

ND

Lo

ND

0.8

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

IUD

ND

IUD

ND

ND

ND

ND

ND

ND
ND
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Appendix L (Continued)

Date Sampled TotalBTEX BTEx Benzene ToIuene Ethylbenzene Total Xylenea TPW
I@ % of TPH PBfL M@ P@ pgiL

GIW-820
lll12&3 Lllo 63 80 435 92 454 L760

MW-51O
512W93 ND ● -ND ND ND ND ND

FH-416-BLRl
ND 0 ND ND ND ND 36

● Indicateaanalyaisnotperformed.

NIX Not detectedat or above limit of detedion.

‘Total PetroleumHydrocarbon (Window C6 to C12).
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L2-DCA TCE EDB
IJ@ pg/L W@

ND M ND

ND ND ND

ND ND 2.8
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